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PREFACE

This program was initiated by Rome Air Development Center, Griffiss AFB NY.
The design study reported herein was performed by the Electronics Division,
Northrop Corporation, 1 Research Park, Palos Verdes Peninusla, California,
and Northrop's subcontractor, Redwitz Research, Inc., of Irvine, California,
under Contract F30602-73-C-0289. The program manager/project engineer for
the design study was Mr. L. C. Toops. The contract monitor for Rome Air
Development Center was Mr. Arnold Lanckton (IRRC). The study was started in
June 1973 and completed in January 1974; however, significant advancements in
the design concept have occurred since then, notably in the areas of

. Low magnification viewing.
. Projection annotation of digital image.

These concepts will be investigated further and reported on in the next
program phase.




CONTENTS

Section Page

Introduction 1-1 to 1-2
Compass Preview System Specification 2-1 to 2-39

Specification for a Zoom Projection Module
for Compass Preview . 3-1 3-12

Specification for a Digital Image Camera Module
for Compass Preview 4-12

Specification for a Digital Image Viewer Module
for Compass Preview 5-13

Specification for an Alphanumerics and Graphics
Module for Compass Preview 6-21

Specification for a Film Transport Module
for Compass Preview 7-13

Specification for 5X to 100X Zoom Projection Lens
for Compass Preview 8-3

R s ¥ e et S R e

fﬁmwm.mﬂmmhm&mmmﬁ%ahﬁ W S
s PRECEDING . PAGE BLANK-NOT FIIMED

g




SECTION 1

INTRODUCTION

This volume consists of a system specification (Figure 1), five module
specifications, and one zoom lens specification. These specifications
reflect the Compass Preview design as of January 1974; however, the spec-
ifications will require further refinement, modification and updating as
the detail design progresses,

Volume I presents the rationale behind the design, and a description of
the design and study effort to date that provided the basis for the devel-
opment of these specifications.
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Section 2

COMPASS PREVIEW

SYSTEM SPECIFICATION




1.0 SCOPE

This specification establishes the system-level performance requirements
for an engineering model of Compass Preview., Compass Preview will be used,
in conjunction with an on-line, integrated, all-source installation data
base, to derive intelligence information from photographic transparencies
and data link-transmitted imagery.

2.0 APPLICABLE DOCUMENTS
The following documents, of the issue in effect on the date of the request
for proposal, form a part of this specification to the extent specified

herein,

2.1 Military Specifications

MIL-C-45662 Calibration System Requirements
MIL-E-4158 Electronic Equipment, Cround

MIL-P-116 Preservation, Methods of

2,2 Standards

2,2.1 Military
MIL-STD-130 Identification Marking of U,S. Military Property
MIL-STD-150 Military Standard, Photographic Lenses
MIL-STD-195 Marking for Connection of Electrical Assemblies
MIL-STD-545 standard General Requirement for Electronic Equipment

MIL-STD-461 Electromagnetic Interference Characteristics,
Requirements for Equipment

MIL-STD-721 Definitions of Effectiveness Terms for Reliability,
Maintainability, Human Factors, and Safety

MIL-STD-785 Requirements for Reliability Program
MIL-STD-810 - Environmental Test Methods
MIL-STD-882 System Safety Program

MIL-STD-1472 Human Engineering Design Criteria for Military
Systems, Equipments and Facilities
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lrer2. af
FED-STD-102

2,2.3
AFM-66-1
MIL-HDBK-472

2.3
DIAM 57-1

DIAM 57-4

DIAM 57-5

DIAM 57-5A

DIAM 57-5-1

DIA AP-560-1-68-INT

DIAM 65-10-2

DIAM 57-11

DIA 560-4-71
2.4

AFM 161-8

Federal

Preservation, Packaging, and Packing
Other

Maintenance Management
Maintainability Prediction

DIA Documents

General Intelligence Production (Confidential)

Coordination, Production and Maintenace of Imagery
Interpretation Keys (Confidential)

DOD Exploitation of Multi Sensor Imagery (Secret)

Format for FTirst and Second Phase Reporting
1PIR/SUPIR (Official Use Only)

DOD Exploitation of Multi Sensor Imagery,
Specific Responsibilities (Top Secret)

Point Reference Guide Book (Secret)
Imagery Interpretation Reporting Systems DOD
Data Base of Imagery Derived Information Master

Imagery Exchange Format (MIEF) (Secret)

Processing and Production of DOD Order of Battle
Intelligence (Secret)

INT Target Intelligence Handbook (Secret)

Other Publications

Laser Health Hazards Control

Program Assisted Console Evaluation Review (PACER) System Description
Volume I (Unclassified) and Volume II (Secret)

2.3




3.0 OPERATIONAL EMPLOYMENT

\ Compass Preview is a new image~handling device designed to operate in
, conjunction with an on-line integrated installation data base. The
initial device will be a prototype (engineering model) that can be modified
on-site, so that the entire concept can be honed into an intricate elect-
“ ronic data processing and imaging system that is designed specifically
to support the unique decision capability of a photo interpreter or analyst.

Compass Preview shall support the aercspace force planning and operations
conducted at a Continental United States (CONUS) base during a peacetime

, environment, Compass Preview must also support tactical and strategic

i commands operating in accordance with contingency, war and post-hostility
plans that are in concert with the reconnaissance imagery exploitation and
intelligence production operations as specified in the Natiomal Tasking
Plan and (TS) Supplement to DIA 57-5.

3.1 General Operational Parameters - The Compass Preview
Prototype employment concepts dictate the following general operational
parameters:

(a) Compass Preview shall be capable of 1) operating
in a permanent facility (SAC/544ARTW, Offutt AFB),
and 2) being integrated gracefully into other oper- -
ational environments.

(b) The equipment shall be modular, for the following -
reasons:

u;nh-en-- Ry ;‘ﬁ —

e Accommodate Changes In

e Technology

e Operational Requirements
e Permit

e System Integfation

e System Growth ¥

e Use in Broad Intelligence Anplications

1 (¢) The reliability of the equipment shall be sufficient
‘ to insure a high probability of completion of a given
ﬂ mission.




3.2 Functional Performance - Compass Preview, supported

by an installation data base, shall be capable of helping the analyst per-
form many basic image interpretation, image analysis, and related functions.
Each function is necessary to the operation of an effective, modular,
comprehensive exploitation system that will fully accommodate current and
future reconnaissance collection systems. Some of these functions that
Compass Preview shall perform are:

(a) 1Installation scanning

(b) Detailed installation analysis

(c) Searching for new installations

(d) Real time digital imagery reception

(e) Photographic data base retrieval

(f) 1Imagery reproduction

(g) Mensuration

(h) Exploitation management

3.2.1 Installation Scanning - The scanning function represents

those tasks necessary to accomplish initial detection, identification and
examination of priority installations; determine the usable coverage in each
flight line of the mission; and prepare interpretation reports. The actions
involved in accomplishing these tasks are: receive and load mission
imagery in the film transport module, and retrieve host computer-prepared
mission data for the system processor. Compass Preview shall then sequence
the displays of photographic and digital images for viewing imagery, as

well as display the reporting format, reporting requirements, and previous
reports, in accordance with current intelligence directives.

3.2.2 Detailed Installation Analysis - Compass Preview will
be used by category specialists to accomplish rapid detailed analysis of
priority installations. Detailed analysis requires flexible manipulation
of the imagery that shall include the following: automatic positioning
and display of the highest priority installation in a selected category,
stereo viewing (both with stationary imagery and while scanning}, image
rotation and translation, image rectification, image enhancement, mensur-
ation, automatic retrieval of data base imagery for comparison viewing,
image annotation, and reproduction of selected displays. Display overlays
shall be generated to assist interpretation and analysis, and reporting aids
shall be provided.

2-5
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3.2.3 Searching for New Installations - After completing
examination of priority installations, the analysts/interpreters are to
detect, identify, locate and report on installations and/or activities
(intelligence indicators) whose existence was not previously known., To
aid the analyst in performing this function, Compass Preview shall auto-
matically plot known installations and installation cues coincident with
imagery. It shall also cause the imagery to be scanned in a pre-established
pattern or in a desired direction so as to maximize the probability of
detection.

3.2.4 Real-Time Digital Imagery Reception - Compass Preview
shall receive all forms of imagery transmitted via high bandwidth communi-
cation links, and format this imagery for viewing.

3.2.5 Photographic Data Base Retrieval - Analysts/interpreters
are responsible for maintaining a current photographic data base consisting
of historical comparison imagery of all installations and special activity
areas, and interpretation keys., Compass Preview shall provide automated
assistance to the analyst in maintaining this data base in the form of
helping him select "best look" imagery, by cutting and annotating the chip,
and by automatically updating the digitally addressed data base index.

3.2.6 Image Reproduction - Compass Preview shall provide
remote imagery displays and high quality, hard copy, annotated or un-
annotated transparencies in a rapid and efficient manner. The hard copy
that is produced will be used both for data base updating and the pro-
duction of briefing aids.

3.2.7 Mensuration - Analysts are responsible for measuring
distances, making area and volume estimates of various objects, and deter-
mining the geographic coordinates of new installations, Compass Preview
shall permit the analyst to rapidly position reticles on the appropriate
image locations. The system processor shall then perform the necessary
photogrammetric calculations to obtain the desired results,

3.2.8 Exploitation Management - This function entails the
establishment of task priorities based upon current intelligence directives,
The actions involved in accomplishing this function shall be: compare the
mission coverage data with the current reconnaissance objectives in order
to select optimum search parameters; determine the highest quality frames
covering installations; assign installation search tasks by installation
category for detailed imagery analysis and reporting; and continually alter
the above tasks as the mission coverage is being exploited so as to maximize
responsiveness and utilization of resources.

Compass Preview shall also provide for rapid call-up of interpretation re-
poxrts by supervision to assist him in report review and validation.

2-6




4,0 REQUIRFMENTS

Compass Preview shall be the image handling component used to derive timely
intelligence from reconnaissance imagery. The other two components are:

1) the operator and his ability to make intelligent decisions and interpret
images, and 2) an on-line electronic data processor with its all-source
integrated installation data base.

4.1 System Requirements - Compass Preview shall be a
reconnaissance imagery viewer that automates many of the heretofore manual
image handling tasks, so that an operator can spend most of his time making
decisions and performing image analysis. Compass Preview shall accept
the following as inputs: both photographic and digital imagery (either
as negatives or positives), mission data, reporting requirements, previous
reports, and appropriate segments of the installation data base. Compass
Preview shall provide as outputs: 1) installation intelligence, and 2)
selected image segments appropriately annotated for use either as an hist-
orical data base record or as briefing aids. Compass Preview shall support
scanning and 1st, 2nd, and 3rd phase reporting.

4.1.1 System Performance - Compass Preview shall have the
following general performance capabilities:

4.,1,1.1 Automated positioning and scaling of photographic
imagery.

4,1,1,2 Rectification and enhancement of digital imagery.
4.,1.1.3 Both monocular and stereoscopic modes of display.

4.1.1.4 Interpretation assistance in the form of automatically
displaying appropriate alpha-numeric, graphic, and grid data coincident
with imagery.

4.1.1.5 Readout of image position,

4.1,1.6 Automatic correlation of the displayed image with
appropriate references (e.g., map, chips and previous reports, based on
geographic position, or B. E. No.).

4,1,1.7 Flexibility in permitting the operator to select a
mode of comparing previous imagery with present imagery. Side-by-side
display, coincident image flickering, and image rectification shall be
provided to facilitate comparison viewing,

4,1.1.8 Flexibility in permitting the operator to make accurate
determinations of location, azimuth, distance, height, area, and volume.

4.,1,1.9 Flexibility in permitting the operator to format, annotate,
and prepare imagery either as sn historical record (data base) or as a
briefing aid.
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4,1,2 System Inputs - Compass Preview shall accept the follow-
ing inputs:

4,1.2.1 Imagery - It shall be possible to exploit both photo-
graphic film images and digital images.

4,1,2.1.1 Photographic Film Image - The photographic film image
input can either be cut or roll film, on standard film bases. This input
can consist of either monocular or stereo coverage.

4,1.,2,1,2 Digital Image - The digital image input has a digital
value for photographic density. The ordered sequences of digital values
relate to the density value of the image at a given position. Digital
imagery is normally received over a wide-band communications link. It can
consist of either monocular or stereo coverage.

4,1,2,2 Intelligence Data - The intelligence data input comes
from the on-line installation data base.

4,1,2.3 Manual Input - Manual Inputs are in the form of reticles,
data pens, keyboards, control panels, track balls, and other interactive
devices.

4,1,3 System Processing - Compass Preview shall perform the

following processes:

4.,1.3.1 Analysis of imagery in accordance with the following
parameters:

4,1.3.1,1 Exploitation Priority

4,1,3.1.2 Installation Category

4,1,3,1,3 Geographic Area

4.1,3.1.4 Mission Coverage

4,1,3.2 Extraction of the data to answer the basic E.E.I.'s
(Essential Elements of Information).

4.1,3.3 Processing of Work Orders

4,1.3.4 Searching for New Installations

4,1.4 System Outputs - Compass Preview shall provide the

following outputs:

4.1.,4.1 Imagery - Two distinct forms of imagery, i.e., photo-
graphic images and digital images.

2-8




4,1.4,1.1 Photographic Image - The photographic image output
is a film transparency.

4.1.4,1.2 Digital Image - The digital image output is made avail-
able for recording and/or transmitting by various communications links.

4.,1.4.2 Image Derived Intelligence - Image derived intelligence
is derived as a result of Compass Preview processing (as opposed to the
intelligence developed by the operator). It shall consist of:

4,1.4,2.1 Display - Imagery displayed to the operator.
4.,1.4.,2.2 Relay - Data formatted for input into the installation
data base as image-derived intelligence (e.g., coordinates, measurements,

etc.).

4.1.5 Physical Characteristics

4.1.5.1 Size - Any single module or unit of Compass Preview shall be
capable of being transported through a 36" wide x 80" high door.

4,1,5.2 Electrical Power - Compass Preview shall operate with
commercial connectors from an electrical power source of 115 and 208 volts
a.c., 1 or 3 phase., Power consumption shall be less than 5000 watts.

4.,1.5.3 Cooling - Compass Preview shall have a positive, filtered
air cleaning and convective cooling system.

4.1.6 System Interface - Compass Preview shall have the follow-
ing interfaces:

4.1.6.1 Installation Data Base - Hardware and software inter-
faces to the PACER system.

4,1.6,2 Digital Imagery - Communication links shall be inter-
faced so as to permit both transmission and reception of digital imagery.

4.,1.7 System Design and Fabrication - Compass Preview shall
be fabricated in accordance with standard commercial engineering practices,
Where possible, off-the-shelf components shall be used.

Compass Preview shall be of modular design. This approach permits easy change
or updating of various modules as they become outdated or as technology
improves, thereby continuously improving the overall function and implcment-
ation of Compass Preview. The modularity of Compass Preview is also nec-
essary since this is a new image exploitation device operating with an
on-line intelligence data base and many of the functions and capabilities
currently envisioned may not be required, and many new functions and cap-
abilities may evolve.




4.1.7.1 Materials and Parts - The selection and application
of parts, materials, and processes, wherever practical, shall be in accord-
ance with MIL-E-4158,

4.1.7.1.1 Materials - Fungus nutrient materials shall not be
utilized wherever practical, and materials which support volatile combustion
shall not be used, Hygroscopic materials, such as cotton, shall not be
used for electrical insulation, and materials which are capable of producing
dangerous gasses or other harmful toxic effects under any condition shall
not be used,

4.1,7.1.2 Parts - Ail parts shall be designed and fabricated in
accordance with good commercial practices. Requirements include, but are not
limited to:

4,7.1,1.2.1 Marking - Each part used in constructing and assembling
the equipment shall be marked in accordance with good commercial practice.
Connectors for electrical assemblies shall be marked wherever practical in
accordance with MIL-STD-195.

4.1.7.1.2.2 Standardize - Ma:imum use, commensurate with overall
design requirements and cost, shall be made of qualified parts and stand-
ard parts., The variety of types and sizes of parts shall be held to a
minimum., Parts with established reliability levels shall be given pref-
erence.

4.1.7.1.2.3 Metal Corrosion - Design and construction shall ensure
that, wherever practical, metal parts are resistant to corrosion. The use
of dissimilar metals in immediate contact, which may result in electrolytic
corrosiom in the presence of vapor or moisture, shall be avoided.

4,1,7.2 Electromagnetic Radiation

4.,1,7.2.1 Equipment - Equipment shall comply with the radiation
requirements of MIL-STD-416, wherever practical.

4.1.7.2.1,1 Cables - All cables shall be designed to restrict
radiation of the signals being conducted by the cable to the lowest pract-
ical level. The cable assembly shall be of a fully integrated design which
includes connectors and bonding provisions as required to maintain shield-
ing efficiency in an actual operatiomal situation/installation.

4.,1.7.2.1.2 Cable Shields - Cables shall incorporate an outside
shield that completely covers the conductors and lines that comprise the
cable. The overall shield shall provide the maximum shielding practical
and may consist of a combination of woven or braided materials combined
with a flexible conduit. The shield shall be protected by a suitable
abrasion resistant insulating jacket.




4,1,7.2.1.3 Laser Radiation - Wherever coherent laser sources are
used, the requirements of AFM 161-8 and MIL-STD-882 shall be followed.

4,1.7.3 Interchangeability - All prime items and associated
parts having the same manufacturer's part number shall be, wherever pract-
icable, interchangeable directly and completely with respect to installation
and per formance,

4.1.7.4 Safety - Provisions shall be made to promote the maximum
safety of all personnel and equipment during installation, operation, and
maintenance of Compass Preview, with emphasis on laser hazards as specified
in MIL-STD-882 and AFM 181.

4,1.7.5 Human Performance/Human Engineering - Human engineering
principles shall be applied in the design of Compass Preview to ensure that
adequate consideration is given to man's capabilities and limitations
in order that the man-machine combination that is most usable, reliable,
safe and efficient, is achieved. Human engineering shall be considered
in the design of each module to maintain and increase the human's effect-
iveness during operation, control and maintenance. The information present-
ation equipment (displays), and the selection and placement of operational
controls and indicators shall reflect sound human engineering. The pro-
visions of MIL-STD-1472 shall be considered wherever practical.

4,1.8 System Operation

4,1.8.1 Operating Environment - Compass Preview shall be capable
of operating within the following limits:

4,1,8.1.1 Operational Range - Compass Preview shall be designed
to start at temperatures from +50°F to +125°F, and will operate from +60°F
to +105°F,

4,1.8.1,2 High Temperature - Compass Preview shall be designed to
withstand storage temperatures of +160°F.

4,1.8.1.3 Low Temperature - Compass Preview shall be designed to
withstand low storage temperatures of -80°F,

4.1.8.1.4 Humidity - Compass Preview shall be designed to with-
stand up to 50% relative humidity at a temperature of +75°F,

4.1.8.1.5 Vibration - When Compass Preview or its assemblies
are protected by shock or vibration mounts, the mounts shall have a natural
frequency of 25 + 2 cps and shall attenuate all frequencies above 32 cps.
In addition, they shall be capable of being removed or shorted out, without
disassembly. To ensure that Compass Preview shall withstand the low
frequency vibration associated with ground vehicles, and shipment by common
carrier, Compass Preview shall not have any natural frequencies below 55
cps. Exception to the 55 cps may be made for glass panes, mirrors, and
other large optical elements. In these instances, provisions shall be
made to support them as required to withstand the dynamic environment
levels required above.
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4.1.8.1.6 Pressure - Compass Preview, as a design goal, shall be
designed to withstand the following pressure conditions:

4.1.8.1.6.1 Operating - Sea level to 10,000 feet,
4,1.8,1.6,2 Storage - Sea level to 50,000 feet,

4.1.8,2 Operating Personnel - The major objective of Compass
Preview is to permit the operator to derive the needed intelligence from
imagery in the most efficient and timely manner., That is, Compass Preview
shall provide a trained operator with all of the necessary aids or tools
to perform his interpretative tasks as efficiently as practicable.

4.1.8.2.1 Operator Qualifications - Qualifications of the operator
shall be possession of AFSC 8044, 20670 or 20650, and three years of on-the-
job experience.

4.1.8.2.2 Operator Training - Compass Preview shall be operable
by an operator, with the qualifications specified in 4,1.8.2.1, after he
has completed a two-week training course on Compass Preview within the
operational facility.




4,2 Module Requirements - Compass Preview shall be developed
with current state-of-the-art so as to be fully operational in 5 to 10 years,
To ensure that the best possible technology is used in an operational
Compass Preview, a modular system concept shall be pursued. The modularity
in this system is in fact being over-emphasized, so that major modules or
sub-modules may be easily exchanged during the subsequent development, test,
and evaluation of the system in an operating environment, The modules

that make up a Compass Preview System are shown in the Spec tree presented
in figure 1,

4.2,1 pass Preview shall consist of the

Film Transport Module - The film transport module shall
quickly and accurately position the film in response to commands from the
system processor.

4,2,1.1.1 Inputs - The inputs that this module shall accommodate

are:

(2) Illumination Module - This module shall illuminate
the film in the film gate,

(b) System Processor - The System processor shall pro-
vide position, rate, and direction translation
commands, and occluder State and rotation
commands,

Control Panel - The control panel shaill provide
manual mode selection and control of the film
transport,

Photographic Film - The film transport shailil
accommodate all films with the following char-
acteristics:

(1) Film Widths - 35mm, 70mm, 5 inch, 6.6 inch
and 9-1/2 inch roill film, and cut film up to
4-3/4" x 7-1/2",

(2) Film Thicknesses - Base thicknesses of 1.5
to 5.2 mils (this does not include emulsicn,
gel backing, and other film coatings).

(3) Film Rol1l Capacity - The nominal film rol11
capacity shall be a minimum of 500 feet of
5.2 mil film,

Base Materials - Both acetate and polyester
bases shall be accommodated,
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(5) Film Spools - The film spools that are employed
shall be as follows:

e RRC 721410-1 for film widths from 35 mm to
5.0 in, wide

RRC 721410-3 for film widths from 5.1 in.
to 7.0 in, wide

RRC 721410-5 for film widths from 7.1 in.
to 9.5 in. wide

4.2,1.1.2 Processing - The film transport module shall accomplish
the following processing:

(a) Roll Film Translation - The film transport shall
provide the following bi-directional speed ranges
for roll film translation along the film length:

(1) Rewind - for widths to 7.0 in.:100 in./sec
min.

(2) Rewind - for widths above 7.0: 75 in./sec minimum.

(3) Fast Forward/Reverse - Computer Control -
3 ranges consisting of 10, 50, and 100 in./sec.

(4) TFast Forward/Reverse - Manual Control - Variable
from 1.5 to 100 in./sec < 7.0 in. wide
1.5 to 75 in./sec > 7.0 in. wide

(5) Incremental - Computer and Manual Control -
Variable from 0,001 to 5.000 in./sec.

Chip Positioning - Positioning of the chip in the
7-1/2" dimension shall be manually controlled at a
variable selectable rate, from 0.001 to 5.000

in/sec. It shall be possible to control the position-
ing of a chip anywhere within a 7-1/2¥ length.

Transverse Positioning Speed - Transverse positioning
of tlie transport shall be provided. The positioning
shall also move the roll ‘:1lm or chip in the direction
of its width., This positioning shall be under either
computer or manual control, at a variable selectable
rate from 0.001 to 5,000 in/sec. Positioning shall

be possible anywhere across an entire 9-1/2" wide

roll film or a 4-3/4" wide film chip.




Stopping and Image Positioning - The capability
of rapidly stopping at any predetermined location
on roll film shall be provided. No creep shall
occur after a stop. The final positioning of

the image in the center of the film gate (vhich
shall coincide with the optical axis) shall be
accomplished in at least 5 seconds after the edge
of frame has been located. Positioning shall be
accomplished with a precision of +0.1 inch of
actual commanded location,

Frame Detection - The transport shall have a
capability to detect the edge of a frame of
imagery when operating in either direction,

Film Tensioning - The film transport slizll b2
equipped with a positive control that enables the
operator to select film tension equal to 80 PSI
+20 PSI stress for all film widths, thicknesses,
and base materials.

Chip Loading - Automatic transverse positioning
of the transport, for both chip loading and chip
display, shall be provided.

Occluder - An occluder shall be provided to mask
one-half of the roll or chip film gate, for com-
parison viewing purposes. A design goal shall be

a capability to rotate this occluder in synchronism
with the image rotation prism of the zoom pro-
jection module.

4,2,1.1.3 Qutputs - The outputs that this module shall provide are:

(a)

Zoom Projection Module - The interface between the
film transport module and the zoom projection mod-
ule shall be via a roll film gate and a chip film
gate.,

(1) Roll Film Gate - The roll film gate shall
perform the final incremental adjustment to
the film plane, thereby insuring sharp, uniform
focus over the entire format, ‘the film gate
shall employ air to push the film away from
the gate during high speed translation. How-
ever, during low speed scanning and when the
film is stopped for detailed examination, the
flow of air shall be reversed and the film
shall be clamped to the edges of the gate.
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The film gate shall be a clear aperture in a
horizontal plane of at least 4,5 in. x 9.0
in. No glass platens or other double-sided
constraint devices shall be used to provide
the following film flatuess values over the
following areas:

+.001 in., (0.025 mm) over 0,28 in. (7 mm) dia.
+.010 in. (0.25 mm) over 1.25 in., (32 mm) dia.

+.080 in, (2.00 mm) over 4.50 in. (114 mwm)
dia, and up

(2) Chip Film Gate - It shall be possible to easily
and rapidly load two 4-3/4" x 7-1/2" chips in
one chip film gate. Glass platens may be used
to make the chip film gate. The chip film gate
shall provide the flatness values specified
in (a) (1) above.

(b) System Processor Module - System Processor feed-
b back signals shall be provided for the following:
e Search Mode
e Frame Count
e Spool Revolution Count
e End-of-Film Indication
o Incremental Mode
e Direction
e Steps (.00l in./step) from "0" Ref.
e Transverse Direction Steps (.00l in./step)
e Broken Film (Loss of Tension)
1 e Occluder State and Rotation
k 4.2,1.1.4 Design and Construction
(a) Overall Design Concept - The film transport shall

employ an advanced concept in film handling that
minimizes contact and subsequent film damage.

The film path shall be a single straight line from
the supply spool to the take-up spool. The Film
Transport Module shall handle and transport film
from spool to spool at designated speeds without
requiring any physical contact with either guiding
or film sensing devices. The only contact the film
shall be subjected to is film-on-film (as in
winding on spool) and contact with film spool flanges
with one edge only. No double-sided constraining
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of film shall be used at any point of the film
between the tangent points of the film spools.

(No guide rollers shall be used,) The film between
the spools that forms the image plane shall be kept
at the same location in space regardless of the
amount of film that remains on the spools, by moving
the spools independent of the rest of the trans-
port, using commands from a film plane position
detector.

Types of Transports - Two types of transports

shall be provided that are identical in all respects
except that one type will, and one type will not,
have a film chip capability; and the type without a
f£ilm chip capability must operate inverted.

Physical Dimensions - Physical dimensions of the
Film Transport Module shall be as follows:

e Film Transport Assembly - 37 inches long x 33
inches wide x 15 inches high

Power and Control Electronics - 24 inches long
x 24 inches wide x 20 inches high

Interfaces

(1) Mechanical Interface - The Film Transport
Module shall conform to the envelope size and
shall be equipped with mounting provisions
compatible with the overall system,

Electrical Interface - The Film Transport
Module shall be capable of receiving and exe-
cuting the following command signals:

e High Speed Mode

Direction - OV (FWD) or 45 V DC (REV)
10 in./sec

50 in./sec +5 V DC (Discrete)

100 in./sec

e Incremental Mode
e Direction - OV (FWD) or +5 V DC (REV)

e Run/Standby Command - 0 or 1
e Clock Pulse - 200 to 5000 Pulses per Second




e Rewind Mode

e Direction - +5 V DC
e Velocity - +5 V IC

(3) Optical Interface - See 4,2.1.1.3(a)

(e) Power Consumption - The power consumption of the
Film Transport Module shall not exceed 750 watts.

(f} Film Loading - The loading of roll film onto the
film transport module shall take no more than 30
geconds and shall be as easy as practical.

4,2,1.2 Illumination Module - The illumination module shall provide
illumination through the film, projection lenses, and mirrors so that a
Photo Interpreter perceives a uniformly illuminated field with a minimum
brightness level of 15 foot-lamberts through a film of 37 transmittance

(i.e., the dark areas of the film).

The illumination module shall also provide illumination to the hard copy
module and the digital image camera module.

4,2,1.2.1 Inputs - The inputs to this module are shutter and
illumination commands from the system processor.

4.2.1.2.2 Processing

(a) Source Brightness
shall be supplied

- The following source brightness
by the illumination module:

o em—

e

Zoom Projection Module Required Source Brightness,
Magnification F Number Candles/MlVI2
100 2.56 20.42
50 4.5 18.48
25 8.4 17,32
10 19.5 15.62
5 37.0 14,39

(b) Uniformity - The illumination shall be uniform within
677 throughout the field of view, for all values of
zoom projection module magnification,

(c) Illumination Switching - A capability shall be pro-
vided to switch the illumination sideways a discrete

amount equal to the separation of the zoom lens
optical axes, in order to effect stereo reversal
(i.e., cancellation of pseudo stereo).

2-18

R s

g




I1llumination Shuttering - It shall be possible to
shutter a given illuminator when it is not in use.
An operator-variable control of the shutter rate,
to effect flicker, shall also be provided. This
rate shall be continuously variable from 1 cycle
every 2 seconds to 10 cycles per second,

I1lumination Level Control - It shall be possible

to control the level of the illumination without
affecting its color temperature, either manually

or automatically, with the aid of the system processor.
Automatic control shall be accurate to within +15%

of a commanded value,preferably as measured at the
output of the zoom projection module, Control shall
be effective continuously over the range to provide

2 ft, candles illumination at the digital image

camera, to the maximum specified in 4,2,1.2.

(f) Color - The illumination color shall be white.
4,2.1.2.3 Outputs - The outputs from this module are:
e Light level to the system processor
e Illumination to any and all of the film transport
film gates, the zoom projection module, the low magni-
fication module, the hard copy wmodule, and the digital

image camera lens

4.,2.1.2.4 Design and Construction

(a) Power Consumption - No more than 350 watts of power
shall be consumed by this module.

(b) Lamp Sharing - A design goal shall be to share a
common lamp between two illumination modules. (Both
modules need not supply light simultaneously.)

4,2,1.3 Zoom Projection Module - The function of the zoom projection
module shall be to vary image scale and orientation of photographic trans-
parencies. A single projection module shall be used to project a two-dimensional
(mono) image. Two projection modules shall be used for projecting three-
dimensional (stereo) images. At the operator's discretion, the projected
images shall either be displayed on the viewing module, or imaged on the
targets of the digital image cameras, via the digital image camera lenses,
or imaged on the hard copy module,
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4,2.1.3.1 Inputs - The inputs to the zoom projection module are
the following:

(a) Illumination Module - The position, excursion, and
size of the entrance pupil shall be as defined by
the requirements shown on the specification control
drawing.

(b) Film Transport Module - The nominal distance from
the vertex of the lens nearest the film plane, to
the film plane itself (film gate) shall be 12.00
+0.5 inches. The Projection Module shall be capable
of accommodating changes in the film plane by having
an internal focus adjustment of +0.03 inches.

(¢) Low Magnification Adapter Module - If a low magni-
fication adapter lens is provided, it will permit
the zoom projection module to image a 9-1/2" x 9-1/2"
field of view at low magnification (2X or less).

(d) System Processor Module - The illumination module
shall respond to the following commands from the
system processor module:

Magnification Increase
Magnification Decrease

Image Rotation - Clockwise

Imaze Rotation - Counterclockwise
Flip Mirror - Up

Flip Mirror - Down

4,2,1.3.2 Processing

(a) Image Scaling - The Projection Module shall be
capable of providing continuously variable magni-
fication from 5X to 100X.

(b) TImage Rotation - The Projection Module shall contain
a device for optically rotating the image within an
accuracy of +0,1°, The device shall be actuated
by an electric motor which responds to position
cormmands. A device to provide a position feedback
signal shall be incorporated.

(c) Resolution - The Projection Module shall exhibit
the below stated polychromatic resolution when using
a high-contrast (1000:1) Standard Air Force resolution
test target containing test patterns, including the
group 9-6. The resolution shall be measured in the
aerial image.
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(i)

(9

Position Line Pairs/MM/Power

Axial 5
11" Off-Axis 4

Focus Shift - The Projection Module shall not re-
quire refocusing to meet the foregoing resolution
requirements,

Time for Zoom - The Projection Module shall be capable
of covering the complzste magnification range in not
more than 6 seconds.

Field of View - The Projection Module shall cover
a field of view not less than 4.5 inches at the 5X
position.

Projected Image Size - The projected image shall not
be less than 22,5 +.5 inrches in diameter at the
lowest magnification,

Light Transmission - The Projection Module shall be
capable of transmitting at least 65% of the illum-
ination.,

Distortion - The Projection Module shall exhibit
no more than 5% radial distortion at any magni-
fication.

Interpupillary Adjustment - If an interpupillary
adjustment is required, it shall be provided for
by the projection module.

4,2,1.3.3 Outputs - The outputs of the zoom projection module shall

include the following:

(a)

Digital Imag- Camera Lens - The Projection Module
shall be equipped with a pellicle beam splitter
that permits 5 foot candles of illumination from
the projection lens to be diverted to the Digital
Image camera lens, with 3% transmittance film in
the film gate.

Hard Copy Module - This output shall be identical
to (c), except that an additional fold shall be
made in the optical path to direct the image to the
hard copy module instead of to the viewing module.
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(¢) Viewing Module - The Projection Module shall have
a nominal projection path length of 77.0 + 2 inches
measured from the vertex of the lens nearest to
the viewing surface to the viewing surface itself,
The exit pupil shall be located at a nominal distance
of 83.5 inches from the viewing surface. The exit
pupil location shall not vary more than + 2.0 inches
during the full zoom travel. The diameter of the
exit pupil shall be constrained to be between 0.3
and 0.5 inch for all magnifications.

(d) System Processor - The Projection Module shall
provide feedback signals which indicate the follow-
ing:

e Zoom Position (Magnification)
e TImage Rotation (Relative to Film)
e Flip Mirror Position (Up-Dowm)

4.,2.1.3.4 Design and Construction - Zoom projection nodule design
and construction shall conform to figure 3-23, Vol, 1.

4,2.1.4 Viewing Module - The viewing module shall display either
a roll or chip film or digital image to the analyst, either monoculary or
stereoscopically. It shall be possible to project alphanumerics and graphics
coincident with these images, for annotation purposes. Comparison displays
of a roll film image with a roll film or chip image, or of a digital image
with a digital image, shall also be provided.

4,2,1.4.1 Inputs - The inputs to the viewing module are as follows:
(a) Zoom Projection Modules
(b)Y Digital Image Viewer Lenses
(¢) Alphanumerics and Graphics Projector Lens

(d) System Processor Module - Mono, Stereo or Comparison
Display Command

4.2.1.4.2 Processing

(a) Function - The viewing module shall form viewing
exit pupils for use by the operator of the images
projected via inputs (a), (b), and (c) (paragraph
4.2,1.4.1).

(b) Resolution - The resolution of the viewing module
shall be sufficient to permit observation by an
operator of at least 5 line pairs/mm per power in
the prime viewing area, for all magnifications
of the zoom projection module up to 70X.
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4,2,1.,4.3 Qutputs
(a) Exit Pupils

(1) The viewing module shall provide two, 2"
diameter stereo exit pupils separated by
2.5 inches. +1-1/2" of fore and aft head
movement shall be provided.

The viewing module shall provide ome, 4-5
inch diameter mono exit pupil from either
projection module. #2 inches of fore and
aft head movement shall be provided.

The viewing module shall provide, in conjunction
with the occluders and zoom projection module,
two 4-5 inch exit pupils that overlap at least
3.5 inches, for comparison viewing. +2 inches
of fore and aft head movement shall be provided.

The viewing module shall provide, in conjunction
with the alphanumerics and graphics projector
lens and adjustable mirror, an annotation exit
pupil that completely overlaps either stereo
exit pupil, the mono exit pupil, or the

overlap area of the comparison viewing pupils.
+2 inches of fore and aft head movement shall

be provided for mono, annotations, and +1.5
inches shall be provided for stereo annotationms.

(b) Diffuser State - A diffuser state signal shall be
sent to the system processor module.

4.,2,1.4.4 Design and Construction - The viewing module shall have
the following characteristics (see figure 3-13, Vol I).

(a) Prime Viewing Area - 22.5 inches diameter
(b) Focal Length - 18 inches

(¢) Relative Aperture Over Prime Area - f 0.8
(d) Diagonal of Viewing Area - 28 inches

(e) Relative Aperture Over Diagonal - f 0.64
(f) Nominal Viewing Distance - 23.25 inches

(g) Viewing Angle - 64 degrees




Low Magnification Module

(a)

(<)

Field of View - The low magnification module shall
permit the operator of a Compass Preview to see
both edges of a 6.1 inch wide or less frame, re-
gardless of the film's position with respect to
the zoom projection module optical axis. This mod-
ule shall also permit viewing an entire 9.5 inch
£ilm width when centered on the optical projection
axis, and a minimum of 6.1 inch of the film width,
regardless of the film's transverse position.

Annotations - A capability to annotate the film with
alphanumerics and graphics module equipment shall
be provided.

Hard Copy - A capability to make hard copy repro-
ductions of the annotated low magnification image
shall be provided.

Reticle Projector Module

(a)

(b)

(c)

()

Function - The reticle projector shall be capabie
of projecting a reticle transparency image onto
the viewing module optical axis, for use as a
mensuration reference,

Exit Pupil Size - The exit pupil shall be 4-5 inches
in diameter in the mono viewing mode,

Reticle Changing - Different shaped and sized
reticles shall be provided by interchanging
trancparencies,

Power Consumption - Power consumption shall be 30
watts or less,

Digital Image Camera Lens

(a)

(b)

Function - A lens shall be provided to couple the
digital image camera to the zoom projection module.

Magnification - The lens magnification shall be
selected so that the digital image, as seen via the
digital image viewer and viewing module, can be
magnified through the range 20X to 100X.

Mechanical Interface - See paragraph 3.3,12.2 of
the digital image camera module specification.




Resolution - Resolution shall be sufficient to not
grade the limiting resolution of the digital image
camera, as specified in the digital image camera
module specification, by more than 107%.

for Alphanumerics and Graphics Projector

Exit Pupil to Viewing Module Distance - The distance
between the lens exit pupil and the viewing module
shall be 83,25 inches.

Field Coverage - The lens shall image a field of
approximately 5" in diameter

Projected Field - The lens shall project the covered
field to a 27 +1 inch diameter at the viewing module.

F Number - The F number shall be large enough
to create a pupil size that overlaps all pupil
sizes specified in paragraph 4,2.1.4.

Associated Mirror - If needed, an adjustable
mirror shall be provided for overlapping the anno-
tation pupil with either the left or right eye
stereo pupil, at the operator's discretion.

Distortion - Both radial and tangential distortion
shall be less than 2%.

Resolution - Resolution shall be sufficient to not
degrade the limiting resolution of the projector,
specified in the alphanumerics and graphics module
specification, by more than 5%.

for Digital Image Viewing Module

Exit Pupil to Viewing Module Distance - The distance
between the lens exit pupil and the viewing module
shali be 83.25 inches.

Field Coverage - The lens shall image a field of
5.10 inches in diameter (field depends on final
CRT diameter selected for digital image viewer).

Projected Field - The lens shall project the
covered field to a 28-inch diameter at the
viewing module.

F Number - The F number shall be selected so as

to create pupils as large as, or slightly larger
than those specified in paragraph 4,2,1.4,
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Distortion - Both radial and tangential distortion
shall be less than 2%.

Resolution - Resolution shall be sufficient to not
degrade the limiting resolution of the digital image
viewer, as specified in the digital image viewer
module specification, by more than 5%,

4.,2.1.10 Digital Image Camera Module - The regquirements for this
module are specified in the digital image camera module specification.

4,2.1,11 Digital Image Viewer Module - The requirements for this
module are specified in the digital image viewer module specification.

4.2v1.12 Alphanumerics and Graphics Module - The requirements
for this module are specified in the alphanumerics and graphics module
specification.

4,2,1.13 Video Mixer/Switcher Module

(a) Mixing - A capability to mix annotation video with
digital image video shall be provided.

(1) Mixing Ratio - It shall be possible to vary
the relative intensity of annotations super-
imposed with digital imagery over a 5:1 or
greater range.

(?2) Bandwidth - The bandwidth of the video mixer
shall be at least 40 MHz,

(3) Insertion Loss - The video mixer shall have
an insertion loss of 3 db or less.

Switching - This module shall permit the operator
to switch any one of seven video inputs to any one
of three video outputs. A manual patch panel,
using short coax jumpers with twist-lock BNC
connectors, shall be used to effect switching.

4,2,1.14 Enclosure Assembly

(a) Configuration - The enclosure assembly shall con-
form to the configuration shown in the master lay-
out drawing (figure 3-32, Vol, I). The assembly
shall consist of two modules:

e Digital image enclosure

e Viewer enclosure
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These two mcdules shall be separable for transit
storage. The two enclosures shall be capable of
being bolted together in proper aligmment at the
operational site., It shall be possible to convert
a viewer enclosure to a digital image enclosure
(for a "stereo digital image only" modular config-
uration) by placing the two digital image viewers
at the film gate locations, and removing film
handling and imaging modules.

The viewing module and control console shall be
attached to the viewer enclosure by a full length
hinge, thereby providing access for film transport
loading.

The top of the viewing module shall be tilted away
from the operator, and the plane of the viewing
module shall be 10-15° from vertical.

The control console shall be sloping as shown in
the master layout drawing. This console shall house
the controls shown in figure 3-45, Vol. I.

Vibration - Vibration isolators shall be provided
for each enclosure module to permit meeting reso-
lution requirements in the operational environment,

Cooling - A positive pressure, filtered air supply
shall be supplied. Push-pull air flow shall be
employed. Localized cooling shall be provided to
maintain temperatures specified in individual module
specifications. The cooling module shall be mounted
external to the enclosures and connected to the en-
closures by ducts, in order to minimize induced
vibrations in the enclosure from this source.

Construction - The structure shall be built from
square aluminum tubing that will be rigidly re-
inforced at all corners. Load-bearing diagonal
members shall be used to form an extremely rigid
and stiff truss., Mountings for the zoom lenses,
condensers, and film transports shall be designed
to distribute the loads over a large area of the
structure. The design of the structure shall
eliminate stress concentrations which might cause
the precise alignment of the elements to change
with time, and shall also eliminate deflecticn
during and after motion of elements such as the
film transport. Tooling points shall be provided
to permit the rapid establishment of centerlines,
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end points, angular relationships, and for periodic
alignment checks or in the event major modules are
removed or added.

e P TE T o W

The viewer enclosure shall be mounted on four casters
to facilitate movement of the structure. Once in
position, the structure will be jacked-up off the
casters and shall ride on vibration isolators.

oy

The entire structure shall be enclosed with sheet
metal panels. These panels shall, for the most
part, be non-load bearing. Quick-release locks
shall be provided so as to allow ample access to
all portions of the enclosure for servicing., Re-
movable interior baffles shall prevent stray light
from reaching unwanted areas and eliminate ghost
images or flare. All interior surfaces shall have
a flat black finish in order to absorb light.

4,2,1.15 Electronics Rack - The electronics rack shall contain
the assemblies shown in figure 3-33, Vol. I, Cooling modules shall be
provided to dissipate the heat generated by these assemblies.

The rack shall mount standard 19" relay rack units. Front access, pull-out
maintenance shall be possible.

4.,2,1,16 Operator's Chair - The operator's chair shall permit
the following adjustments:

L

£
I8
‘;

Height: +3 inches
Fore and aft: +3 inches
Tilt: +7°

4,2,1,17 Hard Copy Module

(a) Function - The hard copy module shall make a hard
copy print or transparency of any imagery and
annotations displayed via the viewing module. This
hard copy can be used for: producing briefing
aids; as a guide to analysts performing precise
coordinate determination on other equipment;
or as a reference chip in the photo data base.

Configuration - The hard copy module shall consist
of the following:

® DPolaroid roll film back suitable for use with
40 series transparency roll film,




e Two speed solenoid-operated shutter (for use
with the automatic light level control system).
Speeds shall be 10 +10% milliseconds and 80 +107%
milliseconds.

e Lens(es) to image the entire viewing module image
onto the film plane.

e Dippit tank to remove processing chemicals and
coat the image with a preservative.

o 2 minute timer for timing processing.

4,2,2 External Modules - External modules are those modules

that are physically located at a distance from a Compass Preview enclosure.
However, they support or enhance the functioning of the overall Compass
Preview system. External and internal modules shall have compatible inter-

faces.

4.,2,2,1 System Processor Module

(a)

(b)

Function - The system processor shall control other
modules and perform logical searches and calculations.
It shall also provide the functional interface between
the analyst and all other modules and their combined
functions, via data entry and variable function key-
boards, a data pen, and a control panel.

Configuration - The system processor module shall
consist of the following:

Item Quantity Description
1 1 PDP-11/45-FS System Consisting of:
e Central Processor
e 32K Words of Parity Memory
e Hardware Memory Management
e Line Frequency Clock
e Multi-Device Auto Loader
e Power Fail/Auto Restart
e LA30-CA and Interface
2 1 FP11-B, Floating Point Processor
3 1 KWll-P, Programmable Clock
4 1 RK11-DE, Controller for Eight Disk

Drives and First 1.2 Meg Word Drive
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5 1 TM11-EA, Controller for 8 Tape
Transports and First 9 Track Tape
Transport and 72" Cabinet

6 1 TU10-EE, 9 Track Tape Transport and
Cabinet

7 2 DD11-B, System Units

8 1 DR11-C, GP Interface

9 1 H960-DA, Cabinet with 21" Expansion
Chassis and Power Supplies

10 1 Lot QJ580-AE, RSX11l-D Software

4.2,2,2 Functional Software - Functional software shall be

supplied as Jdescribed in Appendix B, Vol. I.

4,2,2.3 Interface Adapter Module - The circuitry used to interface
the alphanumerics and graphics module with the UNIBUS shall be the DR11-B
Direct Memory Access Interface; the circuitry used with the viewer enclosure
electronics and the photo data base module shall be the DR11-C General
Device Interface. (The DR11-B and DR11-C are logic circuit modules (cards)
which can be purchased from DEC (Digital Equipment Corp.), the manufacturer
of the PDP 11/45. Each logic circuit module represents a unit bus load
to the UNIBUS.)

4,2.2.4 Interface Adapter Module - The circuitry used to inter-
face the alphanumerics and graphics module with the UNIBUS shall be the
DRL1-B Direct Memory Access Interface; the circuitry used with the viewer
enclosure electronics and the photo data base module shall be the DRLL-C
General Device Interface., [The DR11-B and DR11-C are logic circuit modules
(cards) which can be purchased from DEC (Digital Equipment Corp.,), the
manufacturer of the PDP 11/45, Each logic circuit module represents a unit
bus load to the UNIBUS.]

The Direct Memory Access Interface shall enable block transfers of data from
the system processor memory to the 4K word memory of the alphanumerics and
graphics module,

The General Device Interface shall enable the system processor to access
the various registers in the Viewer enclosure electronics and the photo

data base module, under program control, Two program interrupt lines in
this interface shall be used to interrupt the computer whenever certain

operator requests are generated and when certain events take place, such
as when the film frame mark is detected during the frame search mode,

The General Device Interface shall be part of the Interface Adapter Module,

The interface adapter medule shall also house D-to-A converters, a multi-
plexed (front end) A-to-D converter, incremental motor drive circuits,
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V-scan encoder receiver circuits, and digital circuits to interface with
the operator's controls and displays. The D-to-A converters and the A-to-D
converter shall be standard DEC modules.

Table &.2-1 lists the signals between the Interface Adapter Module and all
other devices in the viewer enclosure, The discretes in this interface
shall be grouped into 16-bit words. However, not all 16 btits need always
be used, A typical program-controlled operation will require two words:
the first word is sent by the program to indicate which parameter is to be
accessed; and the second word is the parameter itself (input word or output
word) .

b 2s25D Digita. Image Transceiver Module - The digital image
transceiver module shall receive, demodulate, buffer and format digital
imagery for immediate display by a Compass Preview comsole, and for record-
ing with the digital image recorder module. The transceiver module shall
also receive imagery from a Compass Preview Conmsole, and format, buffer,
modulate, and tranmsmit that imagery to a remote location over. a digital
data link,

4,2,2,6 Digital Image Recorder Module - The digital image
recorder module shall record incoming digital imagery to form a permanent
record. This recording can be used later during detailed analysis, after
the original digital imagery has been exploited in real time,

4,2,2.7 Remote Digital Image Viewer Module - The remote digital
image viewer module shall conform to the specifications for the digital
image viewer (Section 5 of this volume), with the following exceptions;

e Table top cabinet added

e The 17-inch diagonal (l6-inch or larger radius
of curvature face plate) CRT replaces the 10-inch
or less diameter flat-faced CRT,

4,2,2,8 Photo Data Base Module - The photo data base module
shall contain a modified Access Syster 60B retrieval unit that automatically
extracts the proper transparent notch-coded envelope containing several
historical installation film chips, when the film transport is slewed to an
installation., The analyst will remove the desired chip and place it in a
gate on the film transport for comparison display with the roll film,

The System 60B shall consist of the following:
® 2 trays

e 1 selector




TABLE 4.2-1 SIGNALS INTERNAL TO VIEWER ENCLOSURE

Signal from Interface Unit to Other Devices

Film Transport No. Slew Motor Clutch

Film Transport No. Slew Velocity Command
Film Transport No. Incr. Motor Clutch

Film Transport No. X Incr. Motor Drive

Film Transport No. Slew Motor Clutch
Film Transport No. Slew Velocity Command

Film Transport No. Incr, Motor Clutch

1
1
1
1
Film Transport No. 1 Y Incr. Motor Drive
2
2
2
2

Film Transport No. X Incr. Motor Drive
Film Transport No. 2 Y Incr. Motor Drive
Chip Film Gate X Incremental Motor Drive
Left Zoom Lens Incremental Motor Drive
Right Zoom Lens Incremental Motor Drive
Left Pechan Prism Rotation Velocity Command
Right Pechan Prism Rotation Velocity Command
Left Illumination Comtrol Command

Right Illumination Control Command

Left Lens Flicker Shutter Command

Right Lens Flicke: Shutter Conmand

Left Comparison Viewing Shield (Occluder)
Right Comparison Viewing Shield (Cccluder)

Light Source Shutter Commands

Film Image No. 1 Mirror Incr. Motor Drive

Film Image No. 2 Mirror Incr. Motor Drive

Interpupillary Adjustment Drive Motor Commands

Final Projection Mirror Drive Motor CommAnds
Diffuser Position Commands

Lamp Drive (mode, status, warning, etc.)

Signals from Other Devices to Interface Unit

Film No. 1 Frame Detector Output
Film No. 2 Frame Detector Qutput
Film Transport No. 1 Shaft Speed (tachometer)
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Type
discrete
dc analog
discrete
pulse
pulse
discrete
dc analog
discrete
pulse
pulse
pulse
pulse
pulse

dc analog
dc analog
dc analog
dc analog
dc analog .
dc analog
discrete
discrete

discrete

pulse
pulse
dc analog
discrete
discrete

discrete

digital
digital
dc analog




TABLE 4.2-1 (Continued)

No. of
’ Signals from Other Devices to Interface Unit(Continued) Type Lines

Film Transport No. 1 Shaft Position Encoder pulse 1
Film Transport No. 1 Y Position Encoder V-scan 25%
Film Transport No. 1 Take-Up Spool Radius dc analog 1
Film Transport No. 1 Supply Spool Radius dc analog 1
Film Transport No. 1 End of Film Signals discrete 2
Film Transport No. 2 Shaift Speed (tachometer) dc analog 1
Film Transport No. 2 Shaft Position Encoder pulse 1

) Film Transport No. 2 Y Position Encoder V-scan 25%
Film Transport No. 2 Take-Up Spool Radius dc analog i
Film Transport No. 2 Supply Spool Radius dc analog 1
Film Transport No. 2 End of Film Signals discrete 2
Chip Film Gate X Position Encoder V-scan 25%
Left Zoom Lens Position Encoder V-scan 25%
Right Zoom Lens Position Encoder V-scan 25%
Left Pechan Prism Angular Position Enceder V-scan 25%
Right Pechan Prism Angular Position Encoder V-scan 25%
Left Image Light Level Sensor dc analog 2
Right Image Light Level Sensor dc analog 2
Film Image No. 1 Mirror Position Encocder V-scan 25%
Film Image No. 2 Mirror Position Encoder V-scan 25%
Interpupilliary Adjustment Drive Position discrete 2
Final Projection Mirror Position discrete 2
piffuser Position discrete 2
Data Pen Position digital 12
Control Panel Switch Inputs (mode, motor control, etc) discrete 20 max.
Keyboard Signals digital 14
Track Ball Signals — X-Y Control (2) pulse 4
Rotation Control (2) V-scan 50%

XV-scan encoders can be excited one at a time so that their output lines
can be tied together, making it necessary to bring in only 25 signal
lines and 11 excitation lines into the Interface Unit.
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e 1 system processor interface, (This interface
shall permit chip retrieval via computer selection
or manual selection using the viewer console
keyboards or manual selection with the data pen and
the alphanumerics and graphics direct view display.)

e 200 5 x 8-inch carry cards (transparent notch-coded
envelopes with a steel insert)

e 1 coder (for notch-coding carry cards).

4.3 Reliability
4,3,1 Operational Stability - The equipment shall operate with

satisfactory performance, continuously or intermittently, for a period of
at least * hours without the necessity for readjustment of any controls
which are inaccessible to the operator during normal use.

4,3,2 Operating Life - The equipment should have a total
operating life of * hours with reasonable servicing and replacement of parts.

4,3,3 Reliability in Tcims of Mean Time Between Failures (MTBF)
The equipment should have * hours of mean operating time between failures,

A Maintainability

4,4,1 General - The equipment shall be designed with main-
tenenace features to achieve maximum facility and organizational level
maintenance. The scope of the following paragraphs entails specific main-
tainability requirements that shall apply. The repairable characteristics
of Compass Preview shall be such that it will be possible in approximately
90 percent cf all cases of malfunction/failure to perform all corrective
maintenance at the organizational level.

4.4.2 Maintenance Requirements - If failure occurs, emphasis
on restoration of Compass Preview shall be by interchange of replaceable
assemblies. The maintainability characteristics shall be as specified in
the following paragraphs.

bor 2.1 Mean-Time-To-Repair (MITR) - The mean-time-to repair
(M1TR) goal for Compass Preview to return it to operational readiness shall
be 30 minutes. The goal for maximum time to repair shall be 1.5 hours in
95 percent of the maintenance tasks,

4,4,2,2 Preventive Maintenance - Scheduled preventive main-
tenance performed at the facility level (consisting of minor inspection,
servicing, minor repair and/or replacement, and alignment/adjustment, that

*To be determined,




are within the capabilities and facilities at that level), shall not exceed
1 hour of maintenance per 24 operating hours. The design goal of Compass
preview shall be such that the need for any major maintenance tasks to be
performed beyond facility and organization maintenance levels shall be
accomplished at no less than 180-day intervals,

4,4,2,3 Equipment Placement - The maintainability design goals
for Compass Preview shall reflect simplicity, accessibility, and service-
ability, Component equipments shall be positioned and/or arranged so as to
provide adequate servicing area and personnel space consistent with proper
operation and the maintenance tasks performed on the equipment,.

4,4.2.4 Accessibility - The design goal of the equipment
enclosures shall be to provide easy and ready access to all assemblies
and subassemblies and their interior parts or components for adjustments,
checkouts, repair, and removal or replacement of parts without damage to
adjacent units and without extensive disassembly. Electronic equipment
shall be of unitized construction for individual drawer-type mounting, so
that maintenance can be performed from the front and sides with the drawer
extended, Each drawer shall be completely removable from its enclosure
without extensive disassembly,

When the design of the equipment is such that sliding drawers are imprac-
tical and front or top access is technically not feasible, side and/or rear
access doors and panels shall be incorporated into the design, and pro-
visions shall be made to mount the equipment enclosure on rails, tracks or
rollers. Accessibility to the side of rear access doors and panels shall
be by sliding the equipment clear of bulkheads and adjacent equipment that
might interfere with any maintenance task that must be performed,

4,4,2,5 Fastening Devices - All units shall be so designed
that all panels, access doors, and drawers are secured by means of
fastening devices that permit quick and easy fastening or unfastening
without the need or use of any special tools, Fastening devices shall
be of the captive type, and shall provide self-alignment with associated
retaining nuts or blocks, and shall not stick or cause damage to threads.

4,4,2,6 Self-Test/Built-In-Test Equipment (BITE) - Self-test
or BITE diagnostic features shall be considered for incorporation, Selec-
tion of the means and extent of the equipment to be tested shall be
separately identified during equipment design.

4,2.2,7 Operational Checkout - Equipment shall have provisions
for connecting such test equipment as may be required for necessary check-
out tests. A minimum need for special test equipment or special connectors
shall be a design goal.

4,2,2.8 Test Points - Test points that allow safe and conven-
ient access to electronic circuits shall be provided, This access to
circuits shall enable the following basic maintenance actions to be performed:




Recognition that a fault or performance degrada-
tion exists,

Isolation of the fault to the point at which
repair can be effectively accomplished,

(c) Verification that the fault or degradation has
been corrected,

4.2,2,9 Time Meters - Time meters shall be considered for
critical equipment components to indicate operational elapsed time. Identi-
fication of those equipme “s to be metered shall be identified during equip-
ment design.,

4,2,2,10 Special Tools - The equipment design shall be such that
the need for special tools for calibration, adjusting, and/or servicing
shall be minimized., Special tools shall not be required for the installa-
tion and/or replacement of electronic parts,

4,2,2,11 Power Protection - Each major equipment shall contain
devices for protecting equipment against such conditions as variance of
electrical power outside of specifications, over-heating, and other poten-
tially damaging conditions,

4,4,2,12 Maintenance and Repair Cycles

4,6,2,12,1 Maintenance - Maintenance levels are organizational,
field, and depot as defined in AFM 66-1.

4,4,2,12,2 Repair Cycles

(a) Preventive (Scheduled) Maintenance - Maintenance
which requires 'power off" or ceuses operational
degradation of the equipment shall). be limited by
the maximum permissible down-time of 1,5 hours
per 24 operating hours.

Corrective Maintenance - The following shall be
design goals:

(1) Facility - Corrective maintenance performed
facility level shall require no more than
45 minutes in 24 hours of operation.

Organization - Corrective maintenance performed
at the organization level shall not normally
be required more often than one hour per 500
hours of operation,




Overhaul - Depot overhaul/repair shall not be
required more often than once in 5000 hours of
operation (based on 8 hours of equipment opera-
tion per day), except for those emergency repairs
which are beyond the capabilities of the lower
levels,

4.5 Availability - The basic intended use of Compass Preview
is in support of a continuously operating system, on an "as required'basis,
Therefore, availability is a necessary system operating parameter. Relia-
bility and maintainability shall be derived from the availability require-
ment, Availability shall be defined as the nrobability that Compass Preview
is operating satisfactorily at amy point in time when used under stated
conditions,

4,5,1 Inherent Availability - Inherent availability is
defined as:

MTBF , where: MTFB = mean time between failures
MTBF + MTTR
MTTR = mean time to repair

The inherent availability goal for Compass Preview is to be determined,

4,5.2 Operational Availability - Operational availability is
defined as:

MTBM , where: MTBM - mean time between maintenance
MIBF + MTIR

The operational availability goal for Compass Preview is to be determined.

4.6 Quality Assurance Program

4,6.1 Responsibility for Tests - Unless otherwise speci-
fied in the contract or purchase order, the supplier shall be responsible
for the performance of all test and inspection requirements as specified
herein. Except as otherwise specified, the supplier may utilize his own
facilities or any commercial laboratory acceptable to the Government,

The Government reserves the right to perform any of the inspections set
forth in the specification, where such inspections are deemed necessary
to ensure that supplies and services conform to prescribed requirements,

4,6,2 Quality Conformance Inspection

4,6,2,1 Classification of Tests - Testing and test support
performed shall fall within the following classification:




(a) Development Tests
(b) Qualification Tests
(c) Acceptance Tests
4,6,2,1.1 Development Tests - These tesls, which are an inte-

gral part of the development process, are conducted by the contractor to
acquire data to support the design and development process.

4.6,2.1.2 Qualification Tests - Qualification tests are inspec-
tions, analyses, demonstrations and tests that are accomplished by the
contractor to demonstrate compliance with the specification, Testing shall
be conducted in accordance with approved test plans/procedures. 1In the
event that the equipment fails any part of the qualification tests, the
failure shall be analyzed, The part that failed shall be replaced by the
supplier at his expense, with either an equivalent part, a superior part,
or design upgrading as is necessary to pass the test. The equipment shall
then be retested. This process of change and retest shall continue until
the specific test has been successfully completed. Each retest shall con-
sist of completely repeating the failed test, starting from the beginning.
Retest shall be conducted in the same configuration, under the same condi-
tions and at the same levels of scope and intensity as specified in the
original test,

4,6,2,1,2,1 Inspections

4.6,2.1.2.1.,1 Equipment - The supplier shall provide and maintain
the necessary inspection measuring and test equipment to assure that
articles conform to the specification. The calibration of measuring and
test equipment shall conform with MIL-C-45662,

4.6.2,1.2.1.2 Source Inspection - The procuring agency reserves the
right to inspect the source of supplies or services manufactured/not
manufactured at the supplier's facility., Source inspection as used herein
is defined as an interim acceptance test only. Final acceptance by the
procuring agency will be accomplished after receipt of the article or
system,

4.6.2.1.2.1.3 Equipment Inspection - Inspections shall be conducted
at the time and place of qualification testing. Inspection requirements
shall be developed and subsequently published in the module specifications
that support this system specification,

4,6,2,1,2.2 Analyses - Requirements to be verified by review of
analytical data shall be developed and subsequeutly published in the module
specifications that support this system specification,

4,6,2,1.2.3 Demonstration - Requirements to be verified by demon-
stration shall be developed and subsequently published in the module
specifications that support this system specification,
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4.6.2.,1.2.4 Tests - The supplier, during Compass Preview analysis
and design, shall identify the requirements in Section 4 that shall require
verification during the formal test program.

4.6,2,1,2,4,1 Functional Characteristics - Functional characteristics
identified during the analysis and design of Compass Preview shall require
verification by formal tests., Test equipment shall be utilized to deter-
mine voltage and/or logic levels, Simulation devices that the equipment
must interface with will be permissible to verify true performance capa-

bilities,

4.6,2.1,2.4,2 Environmental - Environmental tests will be conducted
in either the supplier's facility or a commercial laboratory acceptable
to the procuring agency., Testing of requirements specified in 4,1,.8 shall
be held to the minimum essential tests to assure an operable system and

shall be subject to approval of the procuring agency prior to initiating

tests,

4.6,2.1,2,4.3 Electromagnetic Interference - Requirements of
paragraph 4.,1.7.2 shall be verified in an approved screen room in accor-
dance with the methods and procedures of MIL-STD-461,

4.6.2,1.2.4.,4 Reliability Testing - The equipment shall demonstrate
minimum acceptable MTBF when tested by the procuring agency in accordance
with the approved Reliability Test Plan,

4.6.2.1.2.4.5 Maintainability Testing - Tests performed by the
supplier solely for the purpose of demonstrating conformance to the mair-
tainability requirements will not be required, A maintainability demon-
stration, however, may be performed during system integration by the

integration contractor,

4,6,2,1.3 Acceptance Test - The supplier shall perform all
inspections, demonstrations, and tests outlined in the Acceptance Test
Plan as a minimum., Approved test procedures shall be used to ensure
that the equipment meets the functional and design requirements speci-
fied herein. The procuring agency reserves the right to witness any and
all tests, in order to dztermine if the equipment meets specification,
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Section 3

SPECIFICATION FOR A

ZOOM PROJECTION MODULE

FOR COMPASS PREVIEW




150 SCOPE

1.1 Scope - This specification states requirements for
a Zoom Projection Module that will be used in Compass Preview to vary image
scale and orientation of photographic transparencies. A single projection
module shall be used to project a two-dimensional (mono) image. Two pro-
jection modules shall be used for projecting three-dimensional (sterco)
images. At the operator's discretion, the projected images shall either be
displayed on the viewing module, or imaged on the targets of the digital
image cameras, via the digital image camera lenses, or imaged on the hard
copy module.

fiv..2 Classification - The equipment covered by this
specification shall consist of the following assemblies:

e Flip Mirror
e Zoom Lens (refer to Section 8 for specification)
e Pechan Assembly
e Pellicle Assembly.
1.3 Associated Equipment - The Zoom Projection Module

shall interface with the following associated equipment:

Illumination Module

Film Transport Module
Digital Image Camera Lens
Viewing Module

Hard Copy Module

System Processor Module.
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2.0  APPLICABLE DOCUMENTS »

= 2.1 General - The fcllowing documents, of the issue
in effect on s form a part of this specification to the extent

specified herein.

SPECIFICATIONS
Military
MIL-C-45662 Calibration Sysgé; Requirements
MIL-E-4158 Electronic Equipment, Ground
MIL-G-16592 Glass, Plate (For Optical Instruments)
v MIL-M-13830 Optical Components for Fire Control Instruments,
3 General Specification Governing the Manufacture,
Assembly, and Inspection of
; MIL-P-116F Preservation, Methods of
Northrop
i 500-1 Northrop Quality Control Specification
\ N Standards
Military
MIL-STD-130 Identification Marking of U. S. Military Property
MIL-STD-159 Military Standard, Photographic Lenses
MIL-STD-195 Marking for Connection of Electrical Assemblies
1 MIL-STD-454 Standard General Requirement for Electronic Equipment
MIL-STD-461 Electromagnetic Interference Characteristics,
Requirements for Equipment
MIL-STD-721 Definitions of Effectiveness Terms for Reliability,
Maintainability, Human Factors, and Safety
: MIL-STD-785 Requirements for Reliability Program
{ MIL-STD-810 Environmental Test Methods
MIL-STD-882 System Safety Program
) MIL-STD-1241 Optical Terms and Definitions
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Federal

FED-STD-102 Preservation, Packaging, and Packing

Qther

AFM-66-1 Maintenance Management

MIL-HDBK-472 Maintainability Prediction

2,2 Availability of Documents - When requesting Specifica-
tions, Standards, and other publications refer to both title and number.
Copies of Northrop documents required can be obtained from Northrop Corporation,
Electronics Division, 1 Research Park, Palos Verdes Peninsula, California

90274. Copies of other applicable documents can be obtained from Document
Engineering Company, Van Nuys, California 91405,

2.3 Precedence of Documents - When the requirements of the
contract, this specification or applicable subsidiary specifications are in
conflict, the following precedence shall apply:

(1) Contract and Statement of Work - The contract and
statement of work shall have precedence over this
specification,

This Specification - This specification shall
have precedence over the applicable documents
listed herein. Any deviation from this speci-
fication, or from applicable documents, shall be
specifically submitted in writing for approval
by Northrop.

Applicable Documents - Applicable documents shall
have precedence over subsidiary documents (those '
documents called out within the applicable
documents) .
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3.0 REQUIREMENTS

3.1 Design and Development - This specification makes
provision for the complete design and development,

3.2 Selection of Parts, Materials, and Processes - The
selection of parts, materials, and processes shall be in accordance with
MIL-E-4158 and MIL-STD-454, except as specified herein.

3.2,1 Marking of Parts - Each part used in fabrication and
assembly shall be marked in accordance with good commercial practice. Connec-
tors for electrical assemblies shall be marked in accordance with MIL-STD-195,

3.3 Design and Construction

3.3.1 General - The equipment shall conform to the require-
ments of good commercial practice for design, construction, and workmanship,
except as specified herein,

3.3.2 Modular Construction - The equipment shall use
modular construction techniques to the maximum extent consistent with good
design practices. All modular assemblies shall be easily replaceable to
permit rapid interchange with spare modules. To the maximum extent practical,
these modules shall be of the plug-in type, to allow ease of removal and
replacement for service, maintenance, and repair, Where the design requires
electromechanical assemblies, the electronic parts shall be so grouped and
mounted as to be easily removed from the mechanical assemblies,

3.3.3 Total Weight - The total weight of the Projection
Module, complete with drive motors, position sensors, mirror and pellicle
shall not exceed 90 pounds.

3.3.4 Reliability
3.3.4.1 Operational Stability - The eguipment shall operate

with satisfactory performance, continuously or intermittently, for a period of
at least 40 hours without the necessity for readjustment of any controls which
are inaccessible to the operator during normal use.

3.3.4,2 Operating Life - The equipment should have a total
operating life of 4,000 hours with reasonable servicing and replacement of
parts.

3.3.4.3 Reliability in Terms of Mean Time Between Failures
(MIBF) - The equipment should have 1,000 hours of mean operating time between
failures.

3.3.5 Cabling, Connections, and Connectors - Where practical,
cabling, connections, and connectors shall be in accordance with MIL-STD-195.
The location of interface and test connectors shall be subject to approval by
Norhrop.
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3,3.6 Interference Control - Electromagnetic interference
should be controlled within the limits of MIL-STD-461,

3.3.6.1 Inter-Equipment Cables - All inter-equipment cables
shall be designed to restrict radiation of the signal being conducted by the
cable to the lowest achievable level, within the practical physical cable

limitations,

3536 Provisions for Maintainability

3.3.7.1 Orgavizational Maintainability Requirements - Fault
isolation snould be unambiguous through the system to the specific equipment
unit,

3.3.7.2 Intermediate Maintainability Requirements - Inter-

mediate maintenance should be on the system element basis. Fault isolation
shall be to the specific assembly. Equipment design shall be such that correc-
tive action at the intermediate maintenance level can be performed with a Mean
Time to Repair (MTTIR) of 1 hour,

3.3.7.3 Accessibility - Access to circuit boards for test and
repair should not require realigrment of optical, electromagnetic, electronic,
or mechanical assemblies or subassemblies,

3.3.8 Nomenclature and Nameplates - Northrop will supply
nameplate data,

3.3.9 Standard Conditions -~ The following conditions will be
used to establish normal performance characteristics of the equipment:

Temperature Room ambient +7C° F
Altitude Normal Ground, =50' to +2,500'
Vibration None
Humidity Room Ambient, up to 90%
relative humidity
Input Voltage 117 VAC, #7V, 60 Hz
3.3.10 Service Conditions - The equipment shall be designed

> to meet the following environmental requirements.

3.3,10.1 Temperature - The equipment shall be capable of with-
standing the temperatures specified below:

(1) Operational Range - The equipment shall be
designed to operate, siter equipment warm-up,
at temperatures from +32°F to +150°F.

(2) Non-Qperating Range -

; (a) High Temperature - The equipment shall be
. designed to withstand high temperature
‘ storage of +165°F.
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(b) Low Temperature - The equipment shall be
designed to withstand low temperature
storage of -10°F,

! 3,3.10.2 Air Pressure Range - The equipment shall be designed
to operate in a pressure range of 29,92 to 20.58 inches of mercury (sea level
. to 10,000'). The equipment shall withstand a storage pressure of 3.44 inches

of mercury (60,000° during air transportation).

3.3,10.3 Fungus Resistance - The equipment shall be designed
and constructed without the utilization of any fungus nutrient material,

3,3.10.4 Warm-up Time - The equipment shall be designel so that
full operating capability is achieved in not more than two minutes 30 seconds,

3.3.10.5 Overload Protection - All parts and circuits of the
equipment which are likely to carry an overload shall withstand an overload
without permanent damage to the equipment, or shall have suitable protective
devices. The use of fuses or other protective devices is subject to the

approval of Northrop.

3.3.10.6 Undervoltage Protection - The equipment shall not be |
damaged by voltages below the minimum specified herein and shall automatically :
return to normal operation when normal voltages are restored.

3.3.11 Interfaces
3.3.11.1 Mechanical Interface - The Projection Module shall

conform to the envelope size and be equipped with mounting pads in accordance
with the requirements shown on the specification control drawing. ’
')

3.3.11.2 : Illumination Module Interface - The position,
excursion, and size of the entrance pupil chall be as defined by the require-
ments shown on the specification control drawing,

3.3.11.3 Film Transport Module Interface - The nominal distance |
from the vertex of the lens nearest the film plane to the film plane icself !
shall be 12.00 #0.5 inches. The Projection Module shall be capable of accommo-
dating changes in the film plane by having an internal focus adjustment.

3.3,11.4 Viewing Module Interface - The Projection Module shall
have a nominal projection path length of 77.0 *2 inches measured from the
vertex of the lens nearest to the viewing surface to the viewing surface
itself. The exit pupil shall be located at a nominal distance of 83.5 inches
from the viewing surface. The exit pupil location shall not vary more than
#2.0 inches during the full zoom travel, The size of the exit pupil shall be =
not less than 0.3 inches nor more than 0.5 inches at any position of the zoom

travel,

3.3.11.5 Low Magnification Adapter Module Interface - If a low
magnification adapter lens is provided, it will permit the zoom projection
module to image a 9-1/2"x9-1/2" field of view at low magnification (2X or less).
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3.3.11.6 System Processor Module Interface - The illumin-
ation module shall respond to the following commands from the system
processor module:

Magnification Increase
Magnification Decrease

Image Rotation - Clockwise

Image Rotation - Counterclockwise
Flip Mirror - Up

Flip Mirror - Dowm

The Projection Module shall provide feedback signals which indicate the
following:

e Zoom Position (Magnification)
e Image Rotation (Relative to Film)
e Flip Mirror Position (Up-Down)

3.3.11.7 Digital Image Camera Lens Interface - The Pro-
jection Module shall be equipped with a pellicle beam splitter that
permits 5 ft, candles of illumination from the projection lens to be
diverted to the Digital Image Camera Lens, with 3% transmittance film,

3.7.11.8 Hard Copy Module Interface - The hard copy
module incerface shall be identical to the viewing module interface

(3.3.11.4), except that an additional fold shall be placed in the optical
path to direct the image to the hard copy module instead of to the viewing
module.

3.3.12 Power Consumption - The Projection Module shall
not consume more than 150 watts of power.

3.4 Performance

3.4.1 Resolution - The Projection Module shall exhibit
~he below stated polychromatic resolution when using a high-contrast
(1000:1) Standard Air Force resolution test target containing test
patterns including the group 9-6. The resolution shall be measured in
the aerial image.

Position Line pairs/mm/power

Axial 5
11" Off-Axis 4

3.4,2 Focus Shift - The Projection Module shall not
require refocusing to meet the foregoing resolution requirements.




3.4.3 Magnification Range - The Projection Module shall
be capable of providing a continuously variable magnification from 5X
to 100X. A device shall be provided to indicate magnification with a
resolution of 1%, and a repeatability within +1 resolution count,

3.4.4 Time for Zoom - The Projection Module shall be
capable of covering the complete magnification range in not more than
6 seconds,

3.4.5 Field of View - The Projection Module shall cover
a field of view not less than 4,5 inches at the 5-X position,

3.4.6 Projected Image Size - The projected image shall
not be less than 22,5 + .5 inches in diameter at the lowest magnification.

3.4.7 Light Transmission - The Projection Module shall
be capable of transmitting at least 65% of the illumination.

3.4.8 Distortion - The Projection Module ghall exhibit
no more than 57 radial distortion at any magnification,

3.4.9 Interpupillary Adjustment - If an interpupillary
adjustment is required, it shall be provided for by the projection module.

3.4.,10 Image Rotation - The Projection Module shall
contain a device for optically rotating the image. The device shall be
actuated by an electric motor which responds to position commands., A
device to provide a position feedback signal shall be incorporated. This
device shall indicate the relative image rotation with a resolution of
0.1°, and a repeatability within *1 resolution count,

3.4.11 Focus - The Projection Module shall incorporate &
device to optically compensate for variations in the film plane. This
device shall permit meeting all the requirements of paragraph 3.4.1
when the film plane is displaced by +0.03 inches,

3.4,12 Controls - The controls for the Projection Module
shall not be considered a part of the Projection Module itself., The Pro-
jection Module shall, however, be capable of responding to the commands
cited in paragraph 3.3.11.6. Signal levels and wave forms shall be

established during the detail design phase.




4.0 QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection - Unless otherwise
specified in the contract, the supplier shall conduct a quality assurance
program which is compatible with Northrop Quality Control Specification 500-1.
This document shall be effective for the duration of the contract, The
supplier is responsible for the performance of all inspection requirements
as specified herein. The Supplier may use his own facilities or any commer-
cial laboratory acceptable to Northrop, Northrop and the Government reserve
the right to perform any of the inspections set forth in the specification
where such inspections are deemed necessary to assure that the equipment
conforms to the prescrioed requirements,

In addition to the tests required to be performed by the Supplier, as
described herein, the equipment sill be subjected to further laboratoiy and
operational tests by Northrop and the Government. These tests may include
functional, environmental, and EMI tests at the subsystem and system level,
The Supplier shall provide technical and logistic support for these tests as
defined in the statement of work,

4,1.1 Classification of Tests - The equipment covered by
this specification shall be subject to the following tests:

(1) Design Approval Tests

(a) Equipment Bench Tests

(2) Acceptance Tests

(a) Bench Tests
(b) Environmental Burn-In

4,2 Design Approval Tests - Design approval tests shall be
conducted by the Supplier on one equipment unit as defined in the statement of
work, Tests shall be accomplished under the approved test procedures estab-
lished in 4.4, Northrop shall be advised at least 10 days prior to conducting
the tests so that a Northrop and/or a Government representative can witness or
supervise the tests if desired,

4,2,1 Design Approval Test Data - The Supplier shall submit
all data collected in conducting these tests to Northrop for review and ap-
proval, The Supplier shall monitor the total hours of equipment operation
during the tests, and furnish such data to Northrop at the time of equipment
delivery,

4,2,2 Scope of Tests

4,2,2,1 Equipment Bench Tests - Bench tests shall be conducted
by the Supplier to demonstrate all the requirements of Section 3, The Supplier
shall furnish specific test methods in the test procedures required by 4.4,




4.3 Acceptance Tests - Each equipment submitted for accep-
tance shall be subjected to bench tests and environmental burn-in by the
Supplier, Tests shall be accomplished under the approved test procedures
established in 4.4, Northrop shall be advised at least 10 days prior to con-
duct of the tests so that a Northrop and/or a Government representative can
witness the tests wher desired.

4,3.1 Acceptance Test Data - The Supplier shall submit all
data collected in conducting these tests, including equipment operating times,
to Northrop for review and approval,

4,3,2 Scope of Tests - Design and development acceptance
tests shall be adequate to determine compliance with the requirements of
material, workmanship, and functional performance and to serve as an indica-
tion of reliability,

4.3,2.1 Acceptance Bench Tests - Bench tests shall be conducted
by the Supplier to demonstrate compliance with form, fit, and function require-
ments as defined in Section 3.

4.4 Test Procedures - The procedures used for conducting
the Equipment Design Approval and Acceptance Tests shall be prepared by the
Supplier and submitted to Northrop for review and approval,

4.5 Reconditioning of Tested Equipment - Equipment that
has been subjected to Acceptance Test shall be reconditioned by the Supplier
by replacing all worn or damaged items, After reworking, the Supplier shall
resubmit the equipment for Acceptance Bench Tests (4.3.2.1),

4,6 Pre-Testing - No item, part, or complete equipment
shall be Design Approved or Acceptance Tested by the Supplier until it has
been previously operated, checked, and inspected by the Supplier and found to
comply, to the best of his knowledge and belief, with all of the applicable
requirements,

4.7 Rejection and Retest - Equipment which has been
rejected shall have corrective action taken and shall be resubmitted for
acceptance, Before resubmitting, a full account of the cause for rejection
and the corrective action taken shall be furnished to Northrop.




5.0 PREPARATION FOR DELIVERY

5.1 Packaging and Shipping - The Supplier shall package
and ship the equipment in accordance with best commercial practice., Marking
of all packages and shipping containers shall be in accordance with MIL-STD-129.

6.0 NOTES

6,1 pPerformance Objectives - Simplicity of operation, ease
of maintenance, good reliability, and improved performance of the specific
functions beyond the requirements of this specification are design objectives,
When it appears that a substantial improvement in any of these areas will
result from the use of materials, parts, Or procecss other than those specified
in this specification, their use shall be investigated., Where such investi-
gation shows that an advantage can be realized, a request for approval shall
be submitted to Northrop for consideration.




Section 4

SPECIFICATION FOR A

DIGITAL IMAGE CAMERA MODULE

FOR COMPASS PREVIEW




1.0 SCOPE

1.1 Scope - This specification states requirements for a
digital image camera module that will be used in Compass Preview to image
transilluminated photographic transparencies and form a video signal that
represents the temporally and spatially varying scene illumination, This
video signal will in turn be displayed, recorded, or transmitted.

The video signal output of the digital image camera module will be
dnalog. A/D conversion of this signal, when it is performed for data link
transmission purposes, will take place external to this module. Similarly,
the video signal -input to the digital image viewer module will be analog.
The camera analog output will be hardwired to a viewer analog input in some
modes of operation (i.e., no A/D or D/A conversion will take place).

1.2 Classification - The equipment covered by this
specification shall consist of the following assemblies:

Camera Head

Control Unit

Remote Control Panel
Sync Generator

Power Supply

These assemblies, with the exception of the remote control panel, may be
packaged together or separately.

1.3 Associated Equipment - The digital image camera
module shall interface with the following associated equipment:

Digital Image Camera Lens
Digital Image Viewer Module
Digital Image Transceiver Module
Digital Image Recorder Module
Digital Image Enclosure Module
Video Mixer-Switcher Module




2.0 APPLICABLE DOCUMENTS
2.1 General - The following documents, of the issue in
effect on , form a part of this specification to the extent

specified herein.

SPECIFICATIONS

Military

MIL-C-45662 Calibration System Requirements

MIL-E-4158 Electronic Equipment, Ground

MIL-P-116 Preservation, Methods of

STANDARDS

Military

MIL-STD-130 Identification Marking of U. S. Military Property
MIL-STD-150 Military Standard, Photographic Lenses
MIL-STD-195 Marking for Connection of Electrical Assemblies

MIL-STD-454 Standard General Requirement for Electronic
Equipment

MIL-STD-461 Electromagnetic Interference Characteristics,
Requirements for Equipment

MIL-STD-721 Definitions of Effectiveness Terms for Reliability,
Maintainability, Human Factors, and Safety

MIL-STD-749 Preparation and Submission of Data for Approval of
Non-Standard Electronic Parts

MIL-STD-785 Requirements for Reliability Program
MIL-STD-810 Environmental Test Methods

MIL-STD-882 System Safety Program

Federal

FED-STD-102 Preservation, Packaging, and Packing

Other

AFM-66-1 Maintenance Management
MIL-HDBK-472 Maintainability Prediction
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el Availability of Documents - When requesting Specifica-
tions, Standards, and other publications refer to both title and number.
Copies of Northrop documents required can be obtained frem Northrop Corpora-
tion, Electronics Division, 1 Research Park, Palos Verdes Peninsula,
California 90274, Copies of other applicable documents can be obtained from
Document Engineering Company, Van Nuys, California 91405,

2.3 Precedence of Documents - When the requirements of
the contract, this specification or applicable subsidiary specifications are
‘n conflict, the following precedence shall apply:

(1) Contract and Statement of Work - The contract
and statement of work shall have precedence over
this specification.

This Specification - This specification shall
have precedence over the applicable documents
listed herein. Any deviation from this speci-
fication, or from applicable documents, shall be
specifically submitted in writing for approval
by Northrop,

Applicable Documents - Applicable documents shall
have precedence over subsidiary documents (those
documents called out within the applicable
documents) ,




3,0 REQUIREMENTS

3.1 Design and Development - This specification makes
provision for limited design and development.

3.2 Selection of Parts, Materials, and Processées - The
selection of parts, materials and processes shall be in accordance with
MIL-E-4158 and MIL-STD-454, except as specified herein,

3.2,1 Marking of Parts - Each part used in fabrication and
assembiy shall be marked in accordance with good commercial practice. Connec-
tors for electrical assemblies shall be marked in accordance with MIL-STD-195.

3.3 Design and Construction

3,.3.1 General - The equipment shall conform to the require-
ments of good commercial practice for design, construction, and workmanship,
except as specified herein.

3,3.2 Modular Construction - The equipment shall use modular
construction techniques to the maximum extent consistent with good design
practices. All modular assemblies shall be easily replaceable to permit
rapid interchange with spare modules, To the maximum exient practical, these
modules shall be of the plug-in type, to allow ease of removal and replace-
ment for service, maintenance, and repair, Where the design requires electro-
mechanical assemblies, the electronic parts shall be so grouped and mounted
as to be easily removed from the mechanical assemblies,

3.3.3 Total Weight - The total weight of the digital image
camera head shall not exceed 50 pounds.

3,3.4 Reliability

3.3,4.1 Operational Stability - The equipment shall operate
with satisfactory performance, continuously or intermittently, for a period
of at least 40 hours without the necessity for read justment of any controls
which are inaccessible to the operator during normal use,

3.3.4.2 Operating Life - The equipment should have a total
operating life of 4,000 hours with reasonable servicing and replacement of
parts.

3.3.4.3 Reliability in Terms of Mean Time Between Failures
(MTBF) - The equipment should have 1,000 hours of mean operating time between
failures,

3.3.5 Cabling, Connections, and Connectors - Where practical,
cabling, connections, and connectors shall be selected in accordance with
MIL-STD-195. The location of interface and test connectors shall be subject
to approval by Northrop.
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3.3.6 Interference Control - Electromagnetic interference
should be controlled within the limits of MIL-STD-461,

3.3.6.1 Inter-Equipment Cables - All inter-equipment cables shall
be designed to restrict radiation of the signal being conducted by the cable
to the lowest achievable level, within the practical physical cable limita-
tions.

3.3.7 Provisions for Maintainability

3.3.7.1 Organizational Maintainability Requirements - Fault iso-
lation shall be unambiguous through the system to the specific equipment unit,

3.3.7.2 Intermediate Maintainability Requirements - Intermediate
maintenance shall be on the system element basis. Fault isolation shall be
to the specific assembly. Equipment design should be such that corrective
action at the intermediate maintenance level can be performed with a Mean
Time to Repair (MITR) of 1 hour,

3:3:7.3 Accessibility - Access to circuit boards for test and
repair should require realignment of optical, electromagnetic, electronic, or
mechanical assemblies or subassemblies.

3.3.8 Nomenclature and Nameplates - Northrop will supply name-
plate data,

3.3.9 Standard Conditions - The following conditions will be
used to establish normal performance characteristics of the equipment:

Temperature +60° to +90°F
Altitude Normal Ground, -50'to +2,500'
Vibration None
Humidity 5% to 90% relative humidity
Input Voltage 117 VAC *10%, 60 Hz
3.3.10 Service Conditions - The equipment should be designed to

meet the following environmental requirements,

3.3.10.1 Temperature - The equipment should be capable of with-
standing the temperatures specified below:

(1) Operational Range - The equipment should be designed
to operate, after equipment warm-up, at temperatures
from +32°F to +100°F.

(2) Non-Operating Range -

(a) High Temperature - The equipment should be

designed to withstand high temperature storage
of +140°F,




Low Temp.rature - The equipment should be
designed to withstand low temperature gtorage
of -80°F.

3.3.10,2 Air Pressure Range - The equipment shall be designed to oper-
ate in a pressure range of 29.92 to 20.58 inches of mercury (sea level to 10,000').

The equipment shall withstand a storage pressure of 3.44 inches of mercury (50,000’
during air transporation).

3.3.10,3 Fungus Resistance - The equipment shall be designed and con-
structed without the utilization of any fungus nutrient material.

3.3.10.4 Warm-Up Time - The equipment shall be cesigned so that full
operating capability is achieved in not more than two minutes 30 seconds,

3.3.10.5 Overload Protection - All parts and circuits of the equipment
which are likely to carry an overload shall withstand an overload without permanent
damage to the equipment, or shall have suitable protective devices. The use of
fuses or other protective devices is subject to the approval of Northrop. '

3.3.10.6 Undervoltage Protection - The equipment shall not be damaged
by voltages below the minimum specitied herein and shall automatically return to
normal operation when normal voltages are restored.

3.3.10.7 Sweep Protection - A sweep protection circuit shall be provided
to prevent damage to the camera sensor(s) in the event a sweep failure occurs.

3.3.11 Physical Dimensions - Physical dimensions of the equipment
shall not exceed the following:

(1) Camera Head - 22" long x 11" wide x 7" high (including
Control Unit, if so packaged)

(2) Control Unit - 19" wide x 22" deep x 8-3/4" high (if pack-
aged separate from the Camera Head)

3.3.12 Interfaces

3.3.12,1 Electrical Interface - Coaxial cables used to connect the
digital image camera module with interfacing modules shall use female BNC terminations
at each end. Cables used between the digital camera head and a remote control panel
or a remote control unit shall be 10 feet long.

Signals generated by che digital camera to drive other equipment shall consist
of the followling:
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Signal Description Load Impedance

Horizontal Drive TBD 75 Ohms
Vertical Drive TBD
Sync TBD
Blanking TBD
Picture Video TRD

These signals shall be provided in parallel with at least 40 db isolation between
them so that, e,g., a digital image viewer and a digital image recorder may be
driven in parallel, Suitable terminations shall be provided so that only one
output can be used at a time, if desired., See 3.4 for a further definition of
these s’gnals,

The electrical interface of the digital image camera module with all other modules
is analog. A/D conversion, when it is performed for data link transmission purposes,
will take place external to this module,

3.3.12,2 Mechanical Interface - A flat machined plate shall be provided
for attaching the digital camera head to the zoom projection module, This plate
shall have 4-1/4-20 tapped holes spaced 2" on centers, The plate shall be parallel
to the digital camera head axis +0.,5° ov better,

The lens mount on the front of the camera head shall accept Nikkor-type 35 mm
lenses and extension tubes, and hold the lens optical axis and the digital camera
head electrical axis coincident within +0.5°,

1f packaged separately, the control unit, sync generator, and power supply shall
be supplied in a cabinet(s) suitable for 19" relay rack installation.

3.3.12.5 T1lumination Ir:erface - The light level impinging on the
digital image camera sensor(s) will be controlled in the range 2-10 foot candles.
I1lumination will be provided by a xenou arc,

3,3,13 Power Consumption - The digital image camera module shall
consume no more than 300 watts of power,

3.3.14 Finish - The digital image camera assemblies mounted within
the enclosure shall be painted non-reflecting flat black.

3.4 Performance

3.4.1 Resolution

3.4.1.1 Horizontal Resolution - Limiting horizontal resolution shall
exceed 2000 TV lines on-axis, and 1500 TV lines in the worst locations in the
field of view. 507 response or better shall be achieved at 1000 TV lines, and
20% response or better shall be achieved at 1500 TV lines, on-axis.
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3.4.1,2 Vertical Resolution and Scan Lines - Sufficient scan lines
shall be employed to sensibly achieve vertical resolution equal to the hori-
zontal resolution specified in 3.4.1.1 at 50% and 207 response.

3.4.2 Gray Scale - At least 12 0.15 density difference gray
shaces shall be resolved on both vertical and horizontal targets, anywhere in
the image area., Resolution of 15 gray shades shall be a design goal. These
gray shades should be obtained simultaneous with the resolution specified in

3.4.1.

3.4.3 Aspect Ratio - The aspect ratio shall be circular or 1:1
(square) .

3.4.4 Interlace - Selectable interlace shall be supplied as
follows:

e Non-interlace

o 4:1

The addition of 2:1, 3:1, and 5:1 interlace selections shall be a design
goal.

3.4.5 Frame Rate - A frame rate of 15 frames/sec shall be pro-
vided. Selectable frame rates of 7.5, 10 and 15 frames/sec shali be a design

goal,

3.4.6 Signal/Noise - Signal/noise shall be 40 dB or better for
a bandwidth of 10 MHz. Full bandwidth S/N shall be 30 dB or better,

video volts (peak-to-peak)
noise volts (root-mean-square)

signal/noise = 20 log10

An improvement in signal/noise with a decrease in frame rate (i.e., bandwidth)
is a design goal.

3.4,7 Positional Error - Maximum positional error due to scan-
ning nonlinearities and other geometric distortions shall not exceed *1%, as
tested with an EIA grating and ball chart,

3.4.8 Uniformity - Uniformity shall be 70% or better anywhere
in the image area, when operating with the resolution specified in 3.4.1 and
scanning all-white, all-black, and 507% gray targets.

3.4.9 Recovery Time - The recovery time following operation
with a 50% gray target shall not exceed 10 second,

3.4.,10 Controls - A minimum number of controls is desired for
normal operation., All frequently-used controls shall be mountedon a remote
control panel. (See Figure 3-45, Vol. I). Adjustable controls should use
multiturn high-resolution pots or similar devices that permit precision adjust-
ments. The control panel design shall be approved by Northrop.
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3.4,10,1 Focus

3.4.10.1.1 Electrical Focus - A capability to adjust electrical
focus so as to obtain maximum resolution should be provided 1f the digital
camera employs a focusable electron beam.

3.4.10,1,2 Optical Focus - A capability to adjust the distance between
the sensor(s) and the external optics shall be provided. An adjustment of at
least +0,2" is desired.

3.4.10.2 Enhancement Controls

3.4.10.2.1 Aperture Correction - Aperture correction should be pro-
vided as required to meet the requirements of 3.4.,1,

3.4,10.2,2 Gamma Adjustment - Provision shall be made for adjusting
the camera gamma in either direction from its nominal value.

3.4.10.2.3 Polarity - A capability shall be provided to change the
polarity of the digital camera video. A polarity change shall not require te-
adjustment of any controls on the digital image camera in order to obtain a
satisfactory output.

3.4,10.2.4 Video Slice and Stretch - A capability should be provided to
extract a portion (a slice) of the image gray scale, and stretch or expand it
so that the output video has a full gray scale. The start and end points of the
slice should be adjustable by the operator,

3.4,10,2.5 Edge Enhancement - A horizontal edge enhancement capability
should be provided if it can be added at low cost. The degree of enhancement
should be adjustable.

3.4.11 Scan Direction - The direction of the scan will be
specified at a later date.

3.4,12 Jitter - Jitter shall be controlled so as to obtain the

resolution specified in 3.4.1 over a 3 second period.

3.4.13 Stability - The stability of the equipment shall be such that
no more than 0.25% drift occurs per 24 hours, after a 10 minute warm-up.




4,0 QUALITY ASSURANCE PROVISIONS

4,1 Responsibility for Inspection - The Supplier is responsible
for the performance of all inspection requirements as specified herein., The
Supplier may use his own facilities or any commercial laboratory acceptable to
Northrop. Northrop and the Government reserve the right to perform any of the
inspections set forth in the specification vhere such inspections are deemed
necessary to assure that the equipment conforms to the prescribed requirements.

In addition to the tests required to be performed by the Supplier, as described
herein, the equipment may be subjected to further laboratory and operational
tests by Northrop and the Govermment. These tests will include functional,
envirommental, and EMI tests at the subsystem and system level. The Supplier

shall provide technical and logistic support for these tests as defined in the
statement of work.

4,1.1 Classification of Tests - The equipment covered by this
specification shall be subject to the following tests:

(1) Design Approval Tests

(a) Equipment Bench Tests

(2) Acceptance Tests

(a) Bench Tests
(b) Environmental Burn-In

4.2 Design Approval Tests - Design approval tests shall be con-
ducted by the Supplier on one equipment unit as defined in the statement of work.
Tests shall be accomplished under the approved test procedures established in
4.4, Northrop shall be advised at least 10 days prior to conducting the tests
so that a Northrop and/or a Government representative can witness or supervise
the tests if desired.

4.,2,1 Design Approval Test Data - The Supplier shall submit all
data collected in conducting these tests to Northrop for review and approval.
The Supplier shall monitor the total hours of equipment operation during the
tests, and furnish such data to Northrop at the time of equipment delivery.

4,2.2 Scope of Tests

4.2.2.1 Equipment Bench Tests - Bench tests shall be conducted by
the Supplier to demonstrate the requirements of Section 3, The Supplier
shall furnish specific test methods in the test procedures required by 4.4,




4,3 Acceptance Tests - Each equipment submitted for acceptance
shall be subjected to bench tests and environmental burn-in by the Supplier.
Tests shall be accomplished under the approved test procedures established in
4,4, Northrop shall be advised at least 10 days prior to conduct of the tests
so that a Northrop and/or a Government representative can witness the tests
when desired.

4.3.1 Acceptance Test Data - The Supplier shall submit all data
collected in conducting these tests, including equipment operating times, to
Northrop for review and approval.

4,3,2 Scope of Tests - Design and development acceptance tests shall
be adequate to determine compliance with the requirements of material, workman-
ship, and functional performance and to serve as an indication of reliability.

4.,3,2,1 Acceptance Bench Tests - Rench tests shall be conducted by
the Supplier to demonstrate compliance with form, fit, and function requirements
as defined in Section 3,

4.3.2,2 Environmental Burn-In - Each equipment to be submitted for
acceptance shall be subjected to a~ environmental stressed burn-in for the purpose
of establishing a reasonable confidence level with respect to the envirommental
integrity of the design and. for the purpose of eliminating early life failure.

Equipment shall be cycled through all operating modes during the burn-in, allow-
ing approximately equal operating time for each mode,

Should a failure occur, it should be repaired and the cycle starte? over. Should
any failure (or failures) occur that indicate a design deficiency, or a rep-
etitive component failure or defect, corrective action shall be taken to eliminate
this deficiency from all units., A record shall be kept of all failures.

4.4 Test Procedures - The procedures used for conducting the
Equipment Design Approval and Acceptance Tests shall be prepared by the Supplier
and submitted to Northrop for review and approval.

4,5 Reconditioning of Tested Equipment - Equipment that has been
subjected to Acceptance Tests shall be reconditioned by the Supplier by replacing
all worn or damaged items. After reworking, the Supplier shall resubmit the
equipment for Acceptance Bench Tests (4.3.,2.1).

4.6 Pre-Testing - No item, part, or complete equipment shall be
Design Approval or Acceptance Tested by the Supplier until it has been previously
operated, checked, and inspected by the Supplier and found to comply, to the best
of his knowledge and belief, with all of the applicable requirements.

4.7 Rejection and Retest - Equipment which has been rejected
shall have corrective action taken and shall be resubmitted for acceptance.
Before resubmitting, a full account of the cause for rejection and the corrective
action taken shall be furnished to Northrop.




5.0 PREPARATION FOR DELIVERY

5.1 Packaging and Shipping - The Supplier shall package and
ship the equipment in accordance with best commercial practice. Marking of all
packages and shipping containers shall be in accordance with MIL-STD-129,

6.0 NOTES

6.1 Performance Objectives - Simplicity of operation, ease of
maintenance, good reliability, and improved performance of the specific functions
beyond the requirements of this specification are design objectives. When it
appears that a substantial imprcvement in any of these areas will result from
the use of materials, parts, or processes other than those specified in this
specification, their use shall be investigated. Where such investigation shows

that an advantage can be realized, a request for approval shall be submitted to
Northrop for consideration.
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Section 5

SPECIFICATION FOR A

DIGITAL IMAGE VIEWER MODULE

FOR COMPASS PREVIEW




1.0 SCOPE

1.1 Scope - This specification states requirements for a digital
image viewer module that will be used in Compass Preview to display, via project-
tion, video imagery that is either received from a scan converter connected to
a data link, or is received via hard wire from a digital image camera or another
digital image viewer. This display will be monocular at times, Two displays
from two separate digital image viewers can also be combined to present a stereo
display, using the viewing module,

The video signal input to the digital imager viewer module will be analog. D/A
conversion of a digital input signal, as might be experienced for data link re-
ception purposes, will take place extesrnal to this module. Similarly, the video
signal output to another digital image viewer module will be analog. The digital
image camera module analog output will be hardwired to a viewer analog input in
some modes of operation (i.e., no A/D or D/A conversion will take place).

1.2 Classification - The equipment covered by this specification
shall consist of the following assemblies:

Digital Image Viewer Chassis
Digital Image Viewer Display Tube

Remote Control Panel
Power ngply
1.3 Associated Equipment - The digital image viewer module shall

interface with the following associated equipment:

Digital Image Camera Module

Digital Image Transceiver Module
Video Mixer-Switcher Module

Digital Image Viewer Projection Lens
Digital Image Enclosure Module

2,0 APPLICABLE DOCUMENTS

2.1 General - The following documents of the issue in effect
.on , form a part of this specification to the extent specified
herein,

SPECIFICATIONS

Military

MIL-C-45662 Calibration System Requirements
MIL-E-4158 Electronic Equipment, Ground
MIL-P-116 Preservation, Methods of
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STANDARDS

Military

MIL-STD-130 Identification Marking of U.S, Military Property

MIL- STD-150 Military Standard, Photographic Lenses

MIL-STD-195 Marking for Connection of Electrical Assemblies

MIL-STD-454 Standard General Requirement for Electronic
Equipment

MIL- STD-461 Electromagnetic Interference Characteristics,
Requirements for Equipment

MIL-STD-721 Definitions of Effectiveness Terms for Reliability,

Maintainability, Human Factors, and Safety

MIL- STD-749C Preparation and Submission of Data for Approval of
Non- Standard Electronic Parts

MIL- STD-785 Requirements for Reliability Program
MIL-STD-810 Environmental Test Methods

MIL- STD-882 System Safety Program

Federal

FED- STD-102 Preservation, Packaging, and Packing
Other

AFM-66-1 Maintenance Management

MIL-HDBK-472 Maintainability Prediction

2,2 Availability of Documents - When requesting Specifica-
tions, Standards, and other publications refer to both title and number,
Copies of Northrop documents required can be obtained from Northrop Corpora-
tion, Electronics Division, 1 Research Park, Palos Verdes Peninsula, Cali-
fornia 90274. Copies of other applicable documents can be obtained from
Document Engineering Company, Van Nuys, California 91405

2.3 Precedence of Documents - When the requirements of the
contract, this specification or applicable subsidiary specifications are in
conflict, the following precedence shall apply:
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Contract and Statement of Work - The contract and
statement of work shall have precedence over this
specification,

This Specification - This specification shall have
precedence over the applicable documents listed herein,
Any deviation from this specification, or from appli-
cable documents, shall be specifically submitted in
writing for approval by Northrop.

Applicable Documents - Applicable documents shall have
precedence over subsidiary documents (those documents
called out within the applicable documents).

3.0 RFQUIREMENTS

3.1 Design and Development - This specification makes provision
for limited design and development.

3.2 Selection of Parts, Materials, and Processes - The selection
of parts, materials, and processes shall be in accordance with MIL-E-4158 and
MIL-STD-454, except as specified herein.

3.2, ! Marking of Parts - Each part used in fabrication and
assembly shall be marked in accordance with good commercial practice, Connec-
tors for electrical assemblies shall be marked in accordance with MIL-STD-195,

3.3 Design and Construction

3 3 General - The equipment shall conform to the requirements
of good commercial practice for design, construction, and workmanship, except
as specified herein,

3.3.2 Modular Construction - The equipment shall use modular con-
struction techniquek to the maximum extent consistent with good design prac-
tices. All modular assemblies shall be easily replaceable to permit rapid
interchange with spare modules, To the maximum extent practical, these
modules shall be of the plug-in type, to allow ease of removal and replace-
ment for service, maintenance, and repair. Where the design requires electro-
mechanical assemblies, the electronic parts shall be so grouped and mounted as
to be easily removed from the mechanical assemblies,

3.3.3 Physical Weight and Size

3.3.3.1 Total “eight - The total weight of the digital image viewer
display tube and any associated mounting yoke and gimballing shall not exceed
80 pounds.

3.3.3.2 Dimensions - Physical dimensions of the digital image dis-
play tube shall not exceed 11" in diameter, including mounting provisions and
gimballing, if required. Overall length shall not exceed 22",




L R el Y abinkl o
i - - o
3.3.4 Reliability
3.3.4.1 Operational Stability - The equipment shall operate with sat-

factory performance, continuously or intermittently, for a neriod of at least
40 hours without the necessity for readjustment of any controls which are in-
accessible to the operator during normal use.

3.3.4.2 Operating Life - The equipment should have a total operating
life of 4,000 hours with reasonable servicing and replacement of parts.

3.3.4.3 Reliability in Terms of Mean Time Between Failures (MIBF) -
The equipment should have 1,000 hours of mean operating time between failures.

3.3.5 Cabling, Connections, and Connectors - Where practical, cabling,
connections, and connectors shall be in accordance with MIL-STD-195, The location
of interface and test connectors shall be subject to approval by Northrop.

3.3.6 Interference Control - Electromagnetic interference should be
controlled within the limits of MIL-STD-461.

3.3.6.1 Inter-Equipment Cables - All inter-equipment cables shall be
designed to restrict radiation of the signal being conducted by the cable to the
lowest achievable level, within the practical physical cable limitations.

3.3.7 Provisions for Maintainability

3.3.7.1 Organizational Maintainability Requirements - Fault isolation
should be unambiguous through the system to the specific equipment unit,

3.3.7.2 Intermediate Maintainability Requirements - Intermediate
maintenance shall be on the system element basis., Fault isolation shall be to the
specific assembly. Equipment design should be such that corrective action at the
intermediate maintenance level can be performed with a Mean Time to Repair (MTTR)

of 1 hour,

3.3.7.3 Accessibility - Access to circuit boards for test and repair
should not require realignment of optical, electromagnetic, electronic, or mechanical
assemblies or subassemblies.,

3.3.8 Nomenclature and Nameplates - Northrop will supply nameplate data.
3.3.9 Standard Conditions - The following conditions will be used to
establish normal performance characteristics of the equipment:

Temperature 75°F + 20°F

Altitude Normal ground, -50' to +2,500'

Vibration None

Humidify 5% to 90% relative humidity

Input Voltage 117 VAC, +10%, 60 Hz
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3.3.10 Service Conditions - The equipment should be designed to meet
the following environmmental requirements.

3.3.10.1 Temperature - The equipment ghould be capable of withstanding
the temperatures specified below:

(1) Operational Range - The equipment should be designed to
operate, after equipment warm-up, at temperatures from
+32°F to +100°F,

(2) Non-Operating Range

(a) High Temperature - The equipment should be designed
to withstand high temperature storage of +16(°F.

(b) Low Temperature - The equipment should be designed to
withstand low temperature storage of -BO°F.

3.3,10.,2 Air Pressure Range - The equipment shall be designed to oper-
ate in a pressure range of 29.92 to 20.58 inches of mercury (sea level to 10,000").
The equipment shall withstand a storage pressure of 3.44 inches of mercury (50,000’
during air transportation).

3.3.,10.3 Fungus Resistance - The equipment shall be designed and con-
structed without the utilization of any fungus nutrient material.

3.3.10.4 Warm-Up Time - The equipment shall be designed so that full
operating capability is achieved in not more than two minutes 30 seconds,

3.3,10.5 Overload Protection - All parts and circuits of the equipment
which are likely to carry an overload shall withstand an overload without perm-
anent damage to the equipment, or shall have suitable protective devices. The
use of fuses or other protective devices is subject to the approval of Northrop.

3,3.10.6 Undervoltag: Protection - The equipment shall not be damaged
by voltages below the minimum specified herein and shall automatically return to
normal operation when normal voltages are restored.

3.3.10.7 Sweep Protection - A sweep protection circuit shall be provided
to prevent damage to the digital image viewer in the event a sweep fallure occurs,

3.3.11 Interfaces

3.3.11.1 Electrical Interface - Coaxial cables that are used to connect
the digital image viewer with interfacing modules shall use female BNC termin-
ations at each end. Cables used between the digital image viewer chassis and
a remote control panel shall be 12 feet long. Cables used between the chassis and
the display tube should be at least 2 feet long, with 4 feet preferred.

5-6
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3.3.11.1.1 "Loop Through" Capability - The digital image viewer shall be
constructed so that, if desired, any digital image viewer can be driven 1in seriles
with another digital image viewer, by looping through. When "loop through" is
not employed, a suitable termination shall be provided.

3.3,11.1,2 Signals - Signals provided to the digital image viewer will
consist of the following:

Signal Description Load Impedance
Horizontal Drive TBD 75 Chms
Vertical Drive TBD "
' Sync TED "
| Blanking TBD u
Picture Video TBED "

(1) Scan Lines -~ The digital image viewer module shall synch-
Tonize with and display the same number of scan lines
(approximately 2000) as are provided by the digital image
camera module,

(2) Interlace - Selectable interlace capability or an auto-
matic interiace lock-up capability shall be supplied
as follows:

. (1) Non-Interlace
(2) 4:1

The addition of 2:1, 3:1, and 5:1 interlace selections
or automatic lock-up shall be a desizn goal.

(3) Frame Rate - A frame rate of 15 frames per second shall be
provided. Selectable frame rates or automatic lock-on to
frame rates of 7.5, 10, and 15 frames per second, are a
design goal.

(4) Analog Signals - The electrical interface of the digital
image viewer module with all other modules is analog.

D/A conversion, when it is performed for data link reception
purposes, will take place external to this module.

3.3.11,2 Mechanical Interface - The digital image viewer chassis and power
supply may be packaged for mounting in a 19" relay rack, The digitai image viewer
display tube shall be designed so that it can be mounted in any orientation,
with no positional restrictions, and still meet all requirements of this speci-
fication. The display tube may be mounted separate from the chassis, in its
own yoke, Interconnecting cables shall be gsufficiently flexible and long to
permit this type of mounting, if a separate tube is employed.

| A rotational positioning capability that may affect mounting of the display tube
is specified in 3.4.8.6.
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3.3.11.3 Optical Interface - The digital image viewer should be supplied
with an optically flat faceplate, to minimize the summation of distortions in an

optical projection path,

3.3.12 Power Consumption - The digital image viewer module shall con-
sume no more than 1200 watts of power,

3.3.13 Finish - The digital image viewer display tube mounting yoke
shall be painted non-reflecting flat black, if the display tube is mounted

separately from the chassis,

3.3.14 Display Physical Characteristics
3.3.14.1 Raster Size - In Compass Preview, the digital image viewer

raster display will be optically magnified so as to appear two to four times

the size that is observed when the raster is viewed directly (without the use of
optical projection). The raster size shall have a 7 to 11 inch diameter, The
digital image viewer module may have other applications (mot specified herein)
where it will be configured so as to permit direct viewing of a 10" x 10" raster.
A design goal should be the ability to accommodate a change to a 10" x 10' raster
with a minimum of modification of the basic design.

3.3.14,2 Phosphor - The display should be usable with either a P-38
or a P-40 phosphor. (The purchase order will specify which phosphor should be

supplied.)

3.4 Performance
3.4.1 Resolution - Limiting vertical resolution shall be greater

than 1500 TV lines over 80% of the display area. Horizontal and vertical
average resolution shall be greater than 1800 TV lines over 50% of the dis-
play area. Average cormer resolution shall be greater than 1500 TV lines.

3.4.2 Gray Scale - At least 12 gray scale steps of 0.15 density
difference shall be resolved on both horizontal and vertical targets any-
where in the display area, when fed with a 15 step input signal, Resolution
of 15 steps is a design goal. This gray scale capability shall be obtained
while meeting the resolution specified in 3.4.1.

3.4.3 Aspect Ratio - The nominal display aspect ratio shall be circular
or 1:1 (square).

344 Signal/Noise - Signal/noise shall be 30 db or better when
operating with the resolution specified in 3.4.1, where:

. vide: volts (peak-to-peak)
signal/noise = 20 1og10 noise volts (root-mean-square

An improvement in signal/noise with a decrease in frame rate is a design goal.

3.4.5 Positional Error - Maximm positional error due to scanning
non-linearities and other geometric distortions shall not exceed *1%.
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3.4.6 Uniformity - Uniformity of illumination shall be 85% or better
anywhere in the display area, when operating with the resolution specified in
3.4.1 and displaying all-vhite, all-black, and 50% gray targets.

3.4.7 Brightness - A maximm brightness of at least 50 foot lamberts
is desired when using a P-40 phosphor. The requirements of 3.4.1 and 3.4,2
shall be met at a brightness of at least 25 foot lamberts, using either a P-40
or a P-38 phosphor.

3.4.8 Controls - A minimm number of controls is desired for normal
operations, All frequently used controls shall be mounted on a remote control
panel (see Figure 3-45, Vol., I). Adjustable controls should use multiturn
high-resolution pots or similar devices that permit precision ad justment .

The design of all controls shall be approved by Northrop,

3.4.8.1 On-0ff - An on-off control shall be provided.

3.4.8.2 Electrical Focus - A capability shall be provided that permits the
user to adjust the electrical focus so as to obtain maximm display resolution,

3.4.8.3 Brightness - A capability shall be provided that permits the user
to continuously adjust the brightness from the maximm specified in 3.4.7, down
to less than 1 foot lambert.

3.4.8.4 Contrast - A capability shall be provided that permits the user
to continuously adjust the contrast so as to obtain a range of 0,15 density
gray shades, from a minimum of five, to the maximum specified in 3.4.2.

3.4.8.5 Raster Positioning - The equipment shall incorporate the cap-
ability to continuously adjust the image display raster a minimm of %30% of the
raster size from center, both in the direction of scan and perperdicular to the
direction of scan.

3.4.83.6 Display Orientation - The equipment shall incorporate the
capability to selectively rotate the image display a minimum of +5°, with a
resolution of 0,2°, while meeting all requirements of this specification. This
rotation may be performed optically, electrically, or mechanically (e.g., by
yoke rotation, gimballing the display tube, or gimballing the entire chassis).

3.4.8.7 Scale Adjustment - A capability shall be provided that permits
one to continuously adjust the X and Y dimensions of the displayed raster at
least +5% of their nominal values, This adjustment shall affect both
X and Y dimensions equally. It shall be possible to return to the nominal (non-
magnified) setting of this conmtrol quickly.

3.4.8.8 Differential Scale Adjustment - A capability shall be provided
that permits one to differentially adjust the X raster dimension +10% with respect
to the Y raster dimension, and vice versa, It shall be possible to return to the
nominal (non-magnified) setting of this control quickly.




3.4.8.9 Vertical Linearity - A capability shall be provided that
permits one to continuously adjust the linearity of the raster perpendicular
to the scan line axis. This adjustment shall take the form of effecting a
uniform changing of the spacing between adjacent scan lines, as a function of
distance on the display. This will result in crowding scan lines together
at the top of the display, and stretching them apart at the bottom, or vice
versa. The desired stretch range is at least 10 nominal scan line spacings.
1t shall be possible to return to the neminal (linear) setting of this con-
trol quickly,

3.4.,8.10 Horizontal Linearity - A capability shall be provided that
permits one to continuously adjust the linearity of the raster in the scan
direction, This adjustment shall take the form of effecting a uniform change
of the speed of the horizontal sweep as a function of displacement across the
display tube., This will result ipn crowding the picture elements together at
one end of the scan, and stretching them at the other, or vice versa, The
desired stretch range is at least 13 nominal picture resolution element
spacings, It shall be possible to return to the nominal (linear) setting of
this control quickly.

3.4.9 Jitter - Jitter shall be controlled so as to obtain the
resolution specified in 3,4.1 over a 3-second period,

3.4.10 Stability - The stability of the equipment shall be such
that no more than 0.25% drift occurs per 24 hours, after a l0-minute warm-up.
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4.0 QUALITY ASSURANCE PROVISIONS

4,1 Responsibility for Inspection - The Supplier is responsible
for the performance of all inspection requirements as specified herein. The
Supplier may use his own facilities or any commercial laboratory acceptable
Northrop and the Government reserve the right to perform any of
specification where such inspections are
he equipment conforms to the prescribed

to Northrop.
the inspections set forth in the
deemed necessary to assure that t
requirements,

In addition to the tests required to be performed by the Supplier, as
described herein, the equipment will be subjected to further laboratory and
operational tests by Northrop and the Government., These tests may include
functional, environmental, and EMI tests at the subsystem and system level,
The Supplier shall provide technical and logistic support for these tests as
defined in the statement of work.

4,1,1 Classification of Tests - The equipment covered by this
specification shall be subject to the following tests:

(1) Design Approval Tests

(a) Equipment Bench Tests

\

(2) Acceptance Tests

(a) Bench Tests
(b) Envirommental Burn-In

4,2 Design Approval Tests - Design approval tests shall be con-
ducted by the Supplier on one equipment unit as defined in the statement of
work., Tests shall be accomplished under the approved test procedures estab-
lished in 4.4. Northrop shall be advised at least 10 days prior to conducting
the tests so that a Northrop and/or a Government representative can witness

or supervise the tests if desired.

4,2,1 Design Approval Test Data - The Supplier shall submit all
data collected in conducting these tests to Nothrop for review and approval.
The Supplier shall monitor the total hours of equipment operation during the
tests, and furnish such data to Northrop at the time of equipment delivery.

4,2,2 Scope of Tests

4,2,2,1 Equipment Bench Tests - Bench tests should be conducted by
the Supplier to demonstrate all the requirements of Section 3. The Supplier
shall furnish specific test methods in the test procedures required by 4.4.




4.3 Acceptance Tests - Each equipment submitted for acceptance
shall be subjected to bench tests and environmental burn-in by the Supplier.
Tests shall be accomplished under the approved test procedures established in
4.4, Northrop shall be advised at least 10 days prior to conduct of the tests
so that a Northrop and/or a Government representative can witness the tests
when desired,

4,3.1 Acceptance Test Data - The Supplier shall submit all data
collected in conducting these tests, including equipment operating times, to
Northrop for review and approval,

4,3,2 Scope of Tests - Design and development acceptance tests
s-all be adequate to determine compliance with the requirements of material,
workmanship, and functional performance and to serve as an indication of
reliability,

4,3.2.1 Acceptance Bench Tests - Bench tests shall be conducted
by the Supplier to demonstrate compliance with form, fit, and function require-
ments as defined in Section 3.

4,3,2.2 Environmental Bura-In - Each equipment to be submitted for
acceptance shall be subjected to an environmental stressed burn-in for the
purpose of establishing a reasonable confidence level with respect to the
environmental integrity of the design and for the purpose of eliminating
early life failure,

Equipment shall be cycled through all operating modes during the burn-in,
allowing approximately equal operating time for each mode.

Should a failure occur, it should be repaired and the cycle started over,
Should any failure (or failures) occur that indicate a design deficiency, or
a repetitive component failure or defect, corrective action shall be taken to
eliminate this deficiency from all units, A record shall be kept of all
failures,

L4 Test Procedures - The procedures used for conducting the
Equipment Design Approval and Acceptance Tests shall be prepared by the
Supplier and submitted to Northrop for review and approval.

4,5 Reconditioning of Tested Equipment - Equipment that has
been subjected to Acceptance Tests shall be reconditioned by the Supplier by
replacing all worn or damaged items. After reworking, the Supplier shall
resubmit the equipment for Acceptance Bench Tests (4.3.2.1).

4,6 Pre-Testing - No item, part or complete equipment shall be
Design Approval or Acceptance Tested by the Supplier until it has been pre-
viously operated, checked, and inspected by the Supplier and found to comply,
to the best of his knowledge and believe, with all of the applicable require-
ments,
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4.7 Rejection and Retest - Equipment which has been rejected
shall have corrective action taken and shall be resubmitted for acceptance.
Before resubmitting, a full account of the cause for rejection and the cor-
rective action taken shall be furnished to Northrop.

5.0 PREPARATION FOR DELIVERY

5.1 packaging and Shipping - The Supplier shall package and
ship the equipment in accordance with best commercial practice, Marking of
all packages and shipping containers shall be in accordance with MIL-STD-129.

6.0 NOTES

6.1 Performance Objectives - Simplicity of operation, eare of
maintenance, good reliability, and improved performance of the specific func-
tions beyond the requirements of this specification are design ob jectives,
When it appears that a substantial improvement in aay of these areas will
result from the use of materials, parts, or processes other than those speci-
fied in this specification, their use shall be investigated, Where such
investigation shows that an advantage can be realized, a request for approval
shall be submitted to Northrop for consideration.




Section 6

SPECTFICATION FOR

ALPHANUMERICS AND GRAPHICS MODULE

FOR COMPASS PREVIEW




1.0 SCOPE

1.1 Scope - This specification states requirements for an alpha-
numerics and graphics module that will be used in Compass Preview to generate
and display alphanumerics and graphics for:

(1) Annotating projected continuous tone photographic film
imagery by coincident projection of the alphanumerics
and graphics.

(2) Analog video mixing for coincident display with con-
tinuous tone imagery displayed on a digital image
viewer,

(3) Direct view on an electronic display terminal.

Either (1) and (3) or (2) and (3) can occur at the same time, with
different data displayed on each.

1.2 Classification - The equipment covered by this specification
shall consist of the following assemblies:

Generators

Alphanumeric

Graphic

Cursor

Remote Generator Control Panel

Displays

e Projection

® Projection Head

e Projection Chassis

® Remote Projection Display Control Panel
e Direct View

Input Devices

e Keyboards
e Alphabetic
e Numeric

e Track Ball

e Data Pen

e Control Panel

Optional Assemblies

e Power Supply(ies)
% Buffer Memory(ies)
e Controller




1.3 Associated Equipment - The alphanumerics and graphics module
shall interface with the following associated equipment:

Video Mixer-Switcher Module
PDP 11/45 Computer Module
Digital Image Viewer Module
Viewing Module

Digital Image Enclosure Module

2.0 APPLICABLE DOCUMENTS

2.1 General - The following documents of the issue in effect on

, form a part of this specification to the extent specified
herein.

SPECIFICATIONS

Military

MIL-C-45662 Calibration System Requirements
MIL-E-4158 Electronic Equipment, Ground

MIL-P-116 Preservation, Methods of

Military

MIL-STD-130 Identification Marking of U,S. Military Property
MIL-STD-150 Military Standard, Photographic Lenses
MIL-STD-195 Marking for Connection of Electrical Assemblies

MIL-~S1D-454 Standard General Requirement for Electronic
Equipment

MIL-STD-461 Electromagnetic Interference Characteristics,
Requirements for Equipment

MIL-STD-721 Definitions of Effectiveness Terms for
Reliability, Maintainability, Human Factors,
and Safety




e

STANDARDS
Military
MIL-STD-785 Requirements for Reliability Program
MIL-STD-810 Environmental Test Methods
MIL-STD-882 System Safety Program
USAX 3.4 American National Standard ASCII Symbol Set
Federal

, FED-STD-102 Preservation, Paclaging, and Packing
AFM-66-1 Maintenance Management

MIL-HDBK-472 Maintainability Prediction

i 2.2 Aveilability of Documents - When requesting Specifica-

tions, Standards, and other publications refer to both title and number.
g Copies of Northrop documents required can be obtained from Northrop Corpora-
y tion, Electronics Division, 1 Research Park, Palos Verdes Peninsula, Cali-
fornia 90274, Copies of other applicable documents can be obtained from
Document Engineering Company, Van Nuys, California 9405,

2.3 Precedence of Documents - When the requirements of the

contract, this specification or applicable subsidiary specifications are in
E conflict, the following precedence shall apply:

(D

(2)

(3)

Contract and Statement of Work - The contract and
statement of work shall have precedence over this
specification.

This Specification - This specification shall have
precedence over the applicable documents listed
herein. Any deviation from this specification, or
from applicable documents, shall be specifically
submitted in writing for approval by Northrop.

Applicable Documents - Applicable documents shall

have precedence over subsidiary documents (those
documents called out within the applicable docu-
ment s,




3.0 REQUIREMENTS

S

; 3.1 Design and Development - This specification makes provision
& for limited design and development.
3.2 Selection of Parts, Materials, and Processes - The selection

of parts, materials, and processes shall be in accordance with MIL-E-4158 and
MIL- STD-454, except as specified herein.

3 ‘ 3.2.1: Marking of Parts - Each part used in fabrication and assembly
l shall be marked in accordance with good commercial practice. Connectors for
electrical assemblies shall be marked in accordance with MIL-STD-195.

33 Design and Construction

35351 : General - The equipment shall conform to the requirements of
good commercial practice for design, construction, and workmanship, except as

specified herein.

5532 Modular Construction - The equipment shall use modular
construction techniques to the maximum extent consistent with good design
practices. All modular assemblies shall be easily replaceable to permit rapid
interchange vith spare modules. To the maximum extent practical, these modules
shall be of the plug-in type, to allow ease of removal and replacement for
service, maintenance, and repair. Where the design requires electromechanical
assemblies, the electronic parts shall be so grouped and mounted as to be easily
removed fr-w the mechanical assemblies.

3.3.3 Physical Weight and Size
333341 Total Weight - The total weight of the projection display head,

separate from a free standing or rack-mountable electronics chassis, shall not
exceed 180 pounds. The total weight of the direct new display shall not exceed 70

pounds.

3.3:3.2 Dimensions - Physical dimensions of the projection display
head shall not exceed the following:

RN g s

(1) Height - 20"
(2) Width - 16"
(3) Depth - 33" 0

Physical dimensions of the direct view display shall not exceed:

(1) Height - 25"
i (2) wWidth - 19"

epth - 28

i Ba3




If necessary, the chassis may be packaged separate from the display tube
to meet this requirement, provided a remote control panel is supplied.

All other assemblies shall be packaged for 19" relay rack installation.

3.3.4 Reliability
3.3.4.1 Operational Stability - The equipment should operate with

satisfactory performance, continuously or intermittently, for a period of at
least 40 hours without the necessity for readjustment of any controls which
are inaccessible to the operator during normal use.

3.354%2 Operating Life - The equipment should have a total
operating life of 4,000 hours with reasonable servicing and replacement of

parts.

3.3:4.3 Reliability in Terms of Mean Time Between Failures (MTBF) -
The equipment should have 1,000 hours of mean operating time between failures,

35355 Cabling, Connections, and Connectors - Where practical,
cabling, connections, and connectors shall be in accordance with MIL-STD-195.
The location of interface and test connectors shall be subject to approval
by Northrop.

3356 Interference Control - Electromagnetic interference should
be controlled within the limits of MIL-STD-461.

3:3:6.1 Inter-Equipment Cables - All inter-equipment cables shall
be designed to restrict radiation of the signal being conducted by the cable
to the lowest achievable level, within the practical physical cable limita-
tions,

3.337 Provisions for Maintainability
3837 Organizational Maintainability Requirements - Fault

isolation should be unambiguous through the system to the specific equipment
unit,

3532 Intermediate Maintainability Requirements - Intermediate
maintenance shall be on the system element basis. Fault isolation shall be
to the specific assembly, Equipment design should be such that corrective
action at the intermediate maintenance level can be performed with a Mean
Time to Repair (MTTR) of 1 hour,

Fed Accesaibility - Access to circuit boards for test and
et s ——
require realigrment of optical, electromagnetic, electromnic,

Al sssembilies or subassembliee,

Somenclature and Nameplates - Northrop will supply name-
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3.3.9 Standard Conditions - The following conditions will be used to
establish normal performance characteristics of the equipment:

Temperature: 75°F + 20°F
Altitude: Normal ground, -50' to +2,500'

Vibration: None
Humidity: 5% to 90% relative humidity
Input Voltage: 117 vAC, *10%, 60 Hz

3.3.10 Service Conditions - The equipment should be designed to meet
the following environmental requirements.

3.3.10.1 Temperature - The equipment should be capable of withstanding
the temperatures specified below:

(1) Operational Range - The equipment should be designed to
operate, after equipment warm-up, at temperatures from
+32°F to +100°F.

Non-Operating Range

(a) High Temperature - The equipment should be designed
to withstand high temperature storage of +160°F,

(b) Low Temperature - The equipment ghould be designed
to withstand low temperature storage of -80°F.

3.3.10.2 Air Pressure Range - The equipment shall be designed to
operate in a pressure range of 29.92 to 20.58 inches of mercury (sea level to
10,000'). The equipment shall withstand a storage pressure of 3.44 inches of
mercury (50,000' during air transportation).

3.3.10.3 Fungus Resistance - The equipment shall be designed and
constructed without the utilization of any fungus nutrient material.

3.3.10.4 Warm-Up Time - The equipment shall be designed so that full
operating capability is achieved in not more than two minutes 30 seconds.

3.3.10.5 Overload Protection - All parts and circuits of the equipment
which are likely to carry an overload shall withstand an overload without permanent
damage to the equipment, or shall have suitable protective devices. The use of
fuses or other protective devices is subject to the approval of Northrop.

3.3.10.6 Undervoltage Protection - The equipment shall not be damaged
by voltages below the minimum specified herein and shall automatically return to
normal operation when normal voltages are restored,




3.3.10.7 Sweep Protection - Sweep protection circuits shall be provided
to prevent damage to any assembly that might experience a sweep failure.

3.3.11 Interfaces

3.3.11.1 Electrical Interface - Coaxial cables that are used to connect
the interfacing modules and assemblies shall use female BNC terminations at each
end.

3.3.11.1.1 "Loop Through" Capability - The displays shall be constructed
so that, if desired, any display can be driven in series with another display, by
looping through. When "loop through" is not employed, a suitable termination shall
be provided.

3.3.11.1.2 Video Signals - Alphanumerics and graphics represented by
videc signals in the alphanumerics and graphics module can be extruded, or stroke or
raster generated, However, when the video generated by the alphanumerics and
graphics module is interfaced with the digital image viewers (via the video mixer-
switcher), the video shall interface with the following supplied sync. signals:

Signal Description Load Impedance
S1gnacs

Horizontal Drive TBD 75 Ohms
Vertical Drive TBD 75 Ohms
Sync TBD 75 Ohms
Blanking TBD 75 Ohms

(1) Scan Lines - The alphanumerics and graohics module shall
provide synchronized scan lines (approximately 2000)
identical to those provided by the digital image camera
module. y

Interlace - Selectable interlace capability shall be
supplied as follows:

(1) Non-Interlace

(2) 4:1

The addition of 2:1, 3:1, and 5:1 interlace selections
shall be a design goal.

Frame Rate - A frame rate of 15 frames per second shall
be provided. Selectable frame rates of 7.5, 10, and 15
frames per second are a design goal.

Analog Signals - The interfacing signals for video
mixing shall be analog video.
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3.3.11. 1.3 PDP 11/45 Module Interface - The PDP 11/45 module will provide
16-bit word commands that denote type of alphanumeric or graphic, the x-y location
of alphanumerics or the end points of graphics, and upon which display the alpha-
numeric or graphic is to be drawn. The alphanumerics 2nd graphics module shall
properly respond to these commands,

Encoded cursor positions to at least 1u bit precision, and cursor identification
shall be supplied as outputs to the PDP 11/45.

Keyboard entries shall be capable of being routed to the PDP 11/45 instead of
to the alphanumerics and graphics generator module, for use in PDF 11/45 data entry.

3.3.11.2 Mechanical Interface - A flat machined plate shall be
provided for mounting the projection display head to the enclosure module, This
plate shall have a 1/4"-20 tapped hole at each corner. The plate shall be parallel
to the display Liead axis +0.5° or better. The projection display head shall be
designed so that it can be mounted in any orieatation, with no positional
restrictions, and still meet all requirements of this specification,

The direct display shall be mounted in the enclosure as shown in figure 3-39, Vol L
1/4"-20 holes shall be provided in each of four cormers for mounting. The

displace face shall have holes on each corner for fastening it flush with

the enclosure control console. ‘

3.3.12 Power Consumption - The alphanumerics and graphics module
shall consume no more than 2000 watts of power.

3.3.13 Finish - The projection display head shall be painted
nonreflecting flat black.

3.4 Per formance

3.4.1 Generators - The generators may be time-shared between the

projection and direct view displays.

3.4.1 Alphanumeric Generator

(1) Size - Two sizes of alphanumeric characters shall be
selectable by the user. The smaller character size shall
be capable of generating the following for display: &4
rows of characters, with 64 characters in each row, for
a maximum possible total of 2816 characters. The larger
character size shall be 50-100% larger than the smaller
size in height and width (less than 2816 characters may
be displayed). Maintenance adjustment of £50% of the
nominal character sizes should be a design goal.

(2) Type - The standard ASCIL set of 64 alphanumeric and
punctien characters, as defined in USAX 3.4, shall bz
supplied, Provision for ten additional user programmable
symbols should be a design goal.

6-9
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(3)

(4)

(5)

(6)

)

(8)

(9)

(10)

N g 4

Font - A single, upper case, easy to read, font, without
serifs, shall be generated.

Character Enhancement - A selective capability to invert
by character, outline a bright (white) character with a
dark outline on one edge, or suppress picture video back-
ground in the vicinity of the character shall be provided.
(These annotations will be mixed with continuous-tone video
imagery in the digital image viewer, in one mode of
operation. Enhancement is required with some backgrounds
in order to improve readability.)

Character Blink - A selective capabiiity to rapidly
blink a character, as well as a group of characters, shall
be provided.

Matrix Size - If alphanumeric characters are generated
from a matrix, that matrix shall be at least 7 x 9
elements, )

Character Width and Brightness - Apparent character
width and brightness shall be a constant for every
line segment, and from segment to segment.

Typewriter Mode - A fixed format typewriter mode, with
space and backspace, forward and reverse line feed, and
carriage return, shall be supplied. '

Editing - Selective deletion of a single character,
or a group of characters all on one line (not
necessarily the entire line) shall be possible,

Speed - No more than 4 seconds shall be required to
erase a previous 2816 character display, and replace

it with a new 2816 character display. This requirement
may be met sequentially rather than simultaneously for
the projection display and the direct view display.

3.4.1.2 Graphics Generators

(1

(2)

Types - Straight line and circle generators shall be
provided, Curved arc generators may be used if they
improve performance without substantially increasing
price.

Positioning - It shall be possible to position the end
points of a vector anywhere in a 1024 x 1024 matrix,

A 2048 x 2048 matrix capability is desired if it can

be obtained at little additional cost. A 512 x 512 matrix
is permissible, with the direct view display only.

6-10
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(3) Line Widths - Narrow and wide line widths shall be
supplied.

(4) Speed - It shall be possible to construct vectors at a
rate of at least 200 inches per second,

(5) Circle Sizes - A capability to select, for automatic
construction, at least 63 different size circles, with
the origin located anywhere within the matrix specified
in (2) above, shall be provided. The maximum circle
diameter should be approximately the size of the
largest circle that can be inscribed in the respective
direct view and projection display rasters.

3.4.1.3 Cursor Generators

(1) Types - A typing cursor, and a vector end point cursor
shall be generated, simultaneously if desired.

(2) Shape Modification - A design goal shall be to permit
the user to permanently change the shape of the vector
end point cursor. (It would be desirable to have this
capability be implemented with software., However, hard-
ware implementation is acceptable.)

(%) Positioning - The typing cursor shall be positioned
. by the normal typing controls within the typing format
specified in 3.4.1.1(8). The vector end point cursor
shall be positioned anywhere within the matrix of
3.4.1.2(2), using either the trackball, the data pen,
or both sequentially.

(4) Permanence - The cursors shall be only as permanent as
the persistence of the display. Cursors shall not
cause permanent destruction of any data on either dis- |
play or in any total display buffer memory(ies). fo

3,4.1.4 Remote Generator Control Panel - The following controls
shall be supplied in a remote generator control panel (see Figure 3-39,
Vol. I). This panel may be made a part of other control panels specified '

herein., The design of this panel shall be approved by Northrop prior to
fabrication. 15 feet of interconnecting cable shall be provided between this
panel and the associated controlled assemblies.

i il e B T 2

(1) On-0ff - A master power on-off control shall be
: provided,

(2) Reset - A reset control shall be provided.
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Activation of this control shall cause the selected display to be erased and cause
both cursors to return to an upper left home position. (A possible change in
raster orlentation for the projection display will be supplied later, if necessary.)

(3) Character Size - A character size selector shall be
provided,

(4) Line Width - A two position vector line width selector
shall be provided.

(5) Character Enhancement - An enhancement on-off selector
shall be provided.

(6) Character Blink - A blink on-off selector shall be
provided,

(7) Character Edit - A character edit control shall be
provided.

(8) Line Edit - A line edit control shall be provided.

(9) Circle Origin - A control shall be provided to enable
the circle function routine.

(10) Circle Size - A point on the circle circumference may be
indicated with the data pen. Alternately, selector(s)
should be provided that permit the user to select
circle size,

Cursor Assignment - A control shall be provided that
permits the user to select which one of the two displays
(specified in 3.4.2) the cursors will be active on.

Draw Vector - /. control shall be provided that causes a
vector to be displayed thit connects the vector end
point cursor with the last vector termination, or the
first positioning of the vector end point cursor.

3.4,2 Displays

3.4.2.1 Projection Display - The projection display shall be provided
with its own optics. All requirements specified herein (except as otherwise noted)
are for performance of the projected display just prior to imaging on a rear-
projection screen or viewing module.

(1) Throw Distance - The distance between the projection
lens exit pupil and the image plane shall be 83.25
inches,




f - Number - The f-number of the projection lens
should be approximately f-1,

Field of View - At the throw distance specified in (1),
the field of view shall be 24 + 1 inches in diameter.

Resolution - All alphanumerics and graphics shall be
clearly legible when projected as specified in (L,
(2) and (3), above. If scan lines are used (as
opposed to stroke writing), both the horizontal and
vertical limiting resolution shall exceed 700 TV
lines.

Brightness - Brightness shall be at least 30 foot
lamberts at the throw distance specified in (1) above,
measured without a projection screen,

Polarity - Bright alphanumerics and graphics shall be
displayed on a dark background.

Contrast - Contrast shall be at least 15, when viewed
with a high gain rear projection screen with 8 foot
candles of incident illumination., This specification
shall be met at any position on the screen. Contrast
is defined as follows:

Brightness of character
Brightness of background

Contrast =

Brightness Uniformity - The ratio of the brightest to
the dimmest character shall not be greater than 1.5.

Aspect Ratio - The display aspect ratio shall be
circular, or 1l:1 (square). When projected, this
aspect ratio shall have the field of view, specified
in (3) above, inscribed within it (i.e., the aspect
ratio shall cause the field of view to be filled.)

Pocitional Error - Maximum positional error due to
optical distortions, scanning non-linearities, and
other geometric distortions shall not exceed 2%.

Size Uniformity - Character size shall not vary more
than +5% of character height at any location on the
display.

Jitter - Jitter shall be controlled to less than 20%
of the thickness of a small character line width.




Stability - The stability of the equipment shall be
such that no more than 0,25% drift occurs per 24
hours, after a 10 minute warmup.

Display Color - A distinctive, non-white filter or
phosphor color shall be supplied. Green is
preferred.

Flicker and Persistence - A display persistence
and refresh rate combination shall te selected that
makes flicker unnoticeable at the maximum bright-
ness specified in (5) above, in an 8 foot candle
ambient. However, the combination of persistence
and refresh rate shall permit the complete change
of a maximum character display, as defined in
3.4.1.1(10), in the time noted in 3.4.1.1(10) .

The combination of persistence and refresh rate
shall also permit erasure and display of 200 inches
of vector in one second,

Controls - A minimum number of controls is desired
for normal operation. The following controls shall
be supplied on a remote control panel (see Figure
3-45, Vol, I). This panel may be made a part of
other control panels specified herein. Adjustable

controls should use multicurn high-resolution pots
or similar devices that permit precision ad just-
ment. The design of this panel shall be approved

by Northrop prior to fabrication, 15 feet of inter-
connecting cable shall be provided between the

panel and the associated controlled assemblies.

(a) On-Off - A power on-off switch chall be pro-
vided.

(b) Standby - A standby switch should be provided
if it permits more rapid warmup and prolonged
life of the display.

Electrical Focus - A capability shall be pro-
vided that permits the user to adjust the
elec:rical focus so as to obtain maximum
display resolution,

Brightness - A capability shall be provided
that permits the user to adjust the electrical
focus so as to obtain maximum display resolu-
tion,




Other Adjustments - Other adjustments shall be
provided as required so that the display can meet
the requirements of this specification, e..:

Contrast

Optical Focus

Raster Centering

Horizontal and Vertical Size
Horizontal and Vertical Linearity

Recommendations as to the need to remote these
adjustments as well as other adjustments not
called out above, shall be supplied to Northrop.

Direct View Display

(1) Display Size - The display size shall be approximately
10" x 10",

(2) Resolution - All alphanumerics and graphics shall be
clearly legible when viewed by the user at any distance
from 14 to 36 inches away., If scan lines are used (as
opposed to stroke or dot matrix writing, both the
horizontal and vertical limiting resolution shall
exceed 700 TV lines,

Brightness - Brightness shall be at least 50 foot
lamberts.

Polarity -~ Bright alphanumerics and graphics shall be
displayed on a dark background.

Contrast - Contrast shall be at least 15, when viewed
in 8 foot candles of incident illumination. This
specification shall be met at any position on the
display. Contrast is defined as follows:

Brightness of Character

Contrast = Brightness of Background

Brightness Uniformity ~ The ratio of the brightest
to the dimmest character shall not be greater than
1.5.

Aspect Ratio ~ The display aspect ratio shall be 1:1
(square),

Size Uniformity - Character size shall not vary more
than *5% of character height at any location on the
display,




Positional Error - Maximum positional error due to
scanning non-linearities and other geometric distortions
shall not exceed 2%.

Jitter - Jitter shall be controlled to less than 20%
of the thickness of a small character line width.

Stability - The stability of the equipment shall be
such that no more than 0.25% drift occurs per 24 hours,
after a 10-minute warmup.

Flicker and Persistence - A combination of phosphor
persistence and refresh rate shall be selected that
makes flicker unnoticeable at the maximum brightness
specified in (3) above, in an 8 foot lambert ambient.
However, the combination of persistence and refresh
rate shall permit the complete change of a maximum
character display, as defined in 3.4,1.1(10), in

the time noted in 3.4.1.1(10).

Controls - A minimum number of controls is desired for
normal operations. All frequently used controls shall
be readily accessible on the front of the display (see

Figure 3-45%), Adjustable controls should use multi=-
turn high-resolution pots or similar devices that
permit precision adjustment. The design of these
controls shall be approved by Northrop.

(a) On-Off - An on-off control shall be provided.

Electrical Focus - A capability should be provided
that permits the user to adjust the electrical
focus so as to obtain maximum display resolution.

Brightness - A capability shall be provided that
permits the user to continuously adjust the
brightness from the maximum specified in (3)
above, down to less than 1 foot-lambert.

Other Adjustments - Other adjustments shall be
provided as required so that the display can
meet the requirements of this specification, e.g.:

Contrast

Raster Centering

Horizontal and Vertical Size
Horizontal and Vertical Linearity

%*Volume I
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Input Devices

Keyboards

(1) Alphabetic Keyboard - An alphabetic keyboard with
format in standard typewriter or teletypewriter
format shall be provided., Key markings shall correspond
to the symbol set called out in 3.4,1.1(2) (with blank
keys for programmable symbols, if provided.) In
addition, keys shall be supplied to satisfy the type-
writer mode requirement of 3.4.1.1(8), e.g.: carriage
return, space, backspace, and forward and reverse line
feed, These keys shall control the positioning of the
typing cursor specified in 3.4.1.3.

Numeric Keyboard - The numerals 0 through 9 shall
be marked on keys arranged in a standard calculator
numeric pattern,

Coding - Character codes shall conform to ASCII
recommendations, since these keyboards may also be
used to input data to the PDP 11/45.

(4) Spacing - Alphabetic and numeric key spacing shall ve
on nominal 0,75" centers,

(5) Keyboard Type - Solid state, "coffee-proof" keys shall
be employed.

3.4,3.2 Irack Ball - A track ball control shall be provided that
gives the user the capability to position the vector end point cursor specified
in 3,4.1.3, to the resolution specified in 3.4.1.3. The cursor positioning servo
loop shall be closed via the user's observance of the actual cursor position on
the display. A capability shall be provided that permits the user to disable
either the "x'" or the "y" output of the track ball. The track ball shall operate
independently of ‘he data pen, or in conjunction with it, as desired by the user,

3.4.3.3 Data Pen - A data pen shall be provided that has the
capability of positioning the vector end point cursor specified in 3.4,1.3, as
well as being used for menu selection. The pen may also be used for symbol
"hooking" and circle size indicatlon. The cursor positioning servo loop
shall be closed via the user's observance of the actual cursor position on the
display. The data pen shall operate independently of the track ball, or in
conjunction with it, as desired by the user.

(1) 1Type - The data pen shall permit free hand position
indication on either the projection display or the
direct view display, 1In order to minimize hand
restrictions, the pen shall have no more than one
small cable extending from it. Wheeled "mouse" type
devices shall not be employed. The pen shall operate




in conjunction with a clear glass plate over each
display. The glass plate shall not degrade resolution.
The data pen shall not be dependent upon the sensing
of & - anning raster or light energy for its proper
operation, The design or selection of the data pen
shall be approved by Northrop.

Resolution - 1024 x 1024 element datu pen resolution
shall be provided on either display. A design goal
shall be to provide 2048 x 2048 element resolution
on the projection display, if similar resolution is
provided for cursor positioning.

3.4,3,4 Control Panel - A control panel shall be provided that
mounts the track ball, keyboards and data pen connector and holder (see Figure
3-45, Vol, I). This control panel may be integrated with other control
panels specified herein, The design of this control panel shall be

approved by Northrop prior to fabrication,

3.4.4 Optional Assemblies - The following assemblies should be
supplied if necessary for proper operation of the alphanumeric and graphic
module: ’

e Power Supply(ies)
® Buffer Memory(ies)
e Controller

3.4.4.1 Buffer Memory - Two buffer memories may be required to
refresh the direct view display and the projection display. (Each display
can have its own independent data.)

3.4.4.2 Controller - A controller may be required to load buffer
memories, generate functions, and interface the alphanumerics and graphics
module with the Compass Preview PDP 11/45 computer module,




4,0 QUALITY ASSURANCE PROVISIONS

4,1 Responsibility for Inspection - The Supplier is respons-
ible for the performance of all inspection requirements as specified herein.
The Supplier may use his own facilities or any commercial laboratory accept-
able to Northrop. Northrop and the Govermment reserve the right to perform
any of the inspections set forth in the specification where such inspections

are deemed necessary to assure that the equipment conforms to the prescribed
requirements,

In addition to the tests required to be performed by the Supplier, as des-
cribed herein, the equipment will be subjected to further laboratory and
operational tests by Northrop and the Government., These tests may include
functional, enviromnmental, and EMI tests at the subsystem and system level.
The Supplier shall provide technical and logistic support for these tests
as defined in the statement of work.

4.1.1 Classification of Tests - The equipment covered by this
specification shall be subject to the following tests:

(1) Design Approval Tests
(a) Equipment Bench Tests
(2) Acceptance Tests

(a) Bench Tests
(b) Envirommental Burn-In

4,2 Design Approval Tests - Design approval tests shall be con-
ducted by the Supplier on one equipment unit as defined in the statement of work.
Tests shall be accomplished under the approved test procedures established in
4.4, Northrop shall be advised at least 10 days prior to conducting the tests
so that a Northrop and/or a Government representative can witness or supervise
the teste if desired.

4,2,1 Design Approval Test Data - The Supplier shall submit all
data collected in conducting these tests to Northrop for review and approval.
The Supplier shall monitor the total hours of equipment operation during the
tests, and furnish such data to Northrop at the time of equipment delivery.

4,2,2 Scope of Tests

4,2,2,1 Equipment Bench Tests - Bench tests should be conducted by
the Supplier to demonstrate the requirements of Section 3. The Supplier shall
furnish specific test methods in the test procedures required by 4.4.




4.3 Acceptance Tests - Each equipment submitted for acceptance
shall be subjected to bench tests and environmental turn-in by the Supplier.
Tests shall be accomplished under the approved test procedures established in
4.4, Northrop shall be advised at least 10 days prior to conduct of the tests
so that a Northrop and/or a Government representative can witness the teste
when desired.

4,3.1 Acceptance Test Data - The Supplier shall submit all data
collected in conducting these tests, including equipment operating times, to
Northrop for review and approval.

4,3,2 Scope of Tests - Design and development acceptance tests
shall be adequate to determine compliance with the requirements of material, work-
manship, and functional performance and to serve as an indication of reliability

4.3.2.1 Acceptance Bench Tests - Bench tests shall be conducted by
the Supplier to demonstrate compliance with form, fit, and function requirements
as defined in Section 3.

4,3.2,2 Environmental Burn-In - Each equipment to be submitted for
acceptance shall be subjected to an environmental stressed burn-in for the
purpose of establishing a reasonable confidence level with respect to the
environmental integrity of the design and for the purpose of eliminating early
life failure,

Equipment shall be cycled through all operating modes during the burn-in,
allowing approximately equal operating time for each mode,

Should a failure occur, it should be repaired and the cycle started over, Should
any failure (or failures) occur that indicate a design deficiency, or a repeti-
tive component failure or defect, corrective action shall be taken to eliminate
this deficiency from all units. A record shall be kept of all failures,

4,4 Test Procedures - The procedures used for conducting the
Equipment Design Approval and Acceptance Tests shall be prepared by the Supplier
and submitted to Northrop for review and approval.

4.5 Reconditioning of Tested Equipment - Equipment that has
been subjected to Acceptance Tests shall be reconditioned by the Supplier by
replacing all worn or damaged items. After reworking, the Supplier shall
resubmit the equipment for Acceptance Bench Tests (4.3.2.1).

4,6 Pre-Testing - No item, part, or complete equipment shall
be Design Approval or Acceptance Tested by the Supplier until it has been
previously operated, checked, and inspected by the Supplier and found to
comply, to the best of his knowledge and belief, with all of the applicable
requirements,

4,7 Rejection and Retest - Equipment which has been re jected
shall have corrective action taken and shall be resubmitted for acceptance.
Before resubmitting, a full account of the cause for rejection and the
corrective action taken shall be furnished to Northrop.
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5.0 PREPARATION FOR DELIVERY

5.1 Packaging and Shipping - The Supplier shall package and
ship the equipment in accordance with best commercial practice. Marking of
all packages and shipping containers shall be in accordance with MIL-STD-129,

6.0  NOTES

6.1 Performance Objectives - Simplicity of operation, ease of
maintenance, good reliability, and improved performance of the specific
functions beyond the requirements of this specification are design objectives.
When it appears that a substantial improvement in any of these areas will result
from the use of materials, parts, or processes other than those specified in
this specification, their use shall be investigated, Where such investigation
shows that an advantage can be realized, a request for approval shall be
submitted to Northrop for consideration.
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Section 7

SPECIFICATION FOR A

FILM TRANSPORT MODULE

FOR COMPASS PREVIEW




1.0 SCOPE

1.1 Scope - This specification states requirements for a
film transport module that has the capability of rapidly moving and precisely
positioning photographic film with an absolute minimum degradation of the
£film, The moving and positioning functions can be performed under manual or
computer control.

1.2 Classification - The equipment covered by this specifica-
tion shall consist of the following assemblies:

e Film Transport

e Power & Control Electronics

1.3 Associated Equipment - The Film Transport Module shall
interface with the following associated equipment:

e Control Panel
e System Processor Module
2.0 APPLICABLE DOCUMENTS
2,1 General - The following documents, of the issue in
effect on . form a part of this specification to the extent

specified herein,

SPECIFICATIONS

Military

MIL-E-4158 Electronic Equipment, Ground
Northrop
500-1 Northrop Quality Control Specification

Redwitz Research Corp.

RRC 741410 Spool, Arial Film

STANDARDS

Military

MIT.~STD-130 Identification Marking of U. S. Military Property
MIL-STD-195 Marking for Connection of Electrical Assemblies

MIL-STD-454 Standard General Requirement for Electronic Equipment




MIL-STD-461 Electromagnetic Interference Characteristics, Require-
ments for Equipment

MIL-STD-749 Preparation and Submission of Data for Approval of
Non-Standard Electronic Parts

2,2 Availability of Documents - When requesting Specifica-
tions, Standards, and other publications refer to both title and number,
Copies of Northrop and Redwitz Research Corp. documents required can be
obtained from Northrop Corporation, Electronics Division, 1 Research Park,
Palos Verdes Peninsula, California 90274. Copies of other applicable docu-
ments can be obtained from Document Engineering Company, Van Nuys, California
91405,

2.3 Precedence of Documents - When the requirements of the
contract, this specification or applicable subsidiary specifications are in
conflict, the following precedence shall apply:

(1) Contract and Statement of Work - The contract and
statement of work shall have precedence over this
specification,

This Specification - This specification shall have
precedence over the applicable documents listed
herein. Any deviation from this specification, or
from applicable documents, shall be specifically
submitted in writing for approval by Northrop.

Applicable Documents - Applicable documents shall
have precedence over subsidiary documents (those
documents called out within the applicable
documents,

3.0 REQUIREMENTS

3,1 Design and Development - This specification makes pro-
vision for limited design and development.

3.2 Selection of Parts, Materials, and Processes - The
selection of parts, materials, and processes shall be in accordance with
MIL-E-4158 and MIL-STD-454, except as specified herein.

3.2.1 Marking of Parts - Each part used in fabrication and
assembly shall be marked in accordance with good commercial practice. Connec-
tors for electrical assemblies shall be marked in accordance with MIL-STD-195.

3.3 Design and Construction

3.3.1 General - The film transport shall conform to the require-
ments of sound commercial practice for design, construction and workmanship.




3:3:2 Modular Construction - The film transport shall exhibit
modular construction techniques to the maximum practical extent, Modular
subassemblies shall be replaceable without major disassembly of main struc-
tural components, Whenever practical, electrical components of modular
subassemblies shall terminate in plug-in type connectors or spade-type ter-
minals to allow ease of removal and replacement for service, maintenance, or
repair,

3.3.3 Weight - The total weight of the film transport assembly,
less guide rods, structural supports and mounting devices, and the power and
control electronics, shall not exceed 125 pounds., The weight of power and con-
trol electronics package shall not exceed 95 pounds.

3.3.4 Reliability

3.3.4.1 Operational Stability - The equipment shall operate with
satisfactory performance, continuously or intermittently, for a period of at
least 40 hours without the necessary for readjustment of any controls which
are inaccessible to the operator during normal use,

3.3.4,2 Operating Life - The equipment should have a total
operating life of 4,000 hours with reasonable servicing and replacement of
parts,

3.3.4.3 Reliability in Terms of Mean Time Between Failures(MTBF) -
The equipment should have 500 hours of mean operating time between failures,

3.3.5 Cabling, Connections, and Connectors - Cabling, connec-
tions, and connectors shall be in accordance with MIL-STD-195., The location
of interface and test connectors shall be subject to approval by Northrop,

3.3.6 Interference Control - Electromagnetic interference shall
be controlled within the limits of MIL-STD-461A.

3.3.6.1 Inter-Equipment Cables - All inter-equipment cables shall
be designed to restrict radiation of the signal being conducted by the cable
to the lowest achievable level, within the practical physical cable limitations,

3.3.7 Provisions for Maintainability

3,3.7.1 Organizational Maintainability Requirements - Fault
isolation shall be unambiguous through the system to the specific equipment
unit,

3.3.7.2 Intermediate Maintainability Requirements - Irntermediate
maintenance shall be on the system element basis, Fault isolation shall be
to the specific assembly. Equipment design shall be such that corrective
action at the intermediate maintenance level can be performed with a Mean
Time to Repair (MTTR) of 1 hour.
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3.3.7.3 Accessibility - Access to circuit boards for test and
repair should not require realignment of optical, electromagnetic, electronic,
or meck .aical assemblies or subassemblies,

. 3.3.8 Nomenclature and Nameplates - Northrop will supply name-
plate data,
3.3.9 Standard Conditions -~ The following conditions will be

used to establish performance characteristics of the equipment:

Temperature 75°F £20°F
Altitude -50' to +2,500'
Vibration None
Humidity 90% Relative, Max,
Input Voltage 117 VAC +10 VAC, 60 Hz
3.3.10 Service Conditions - The equipment should be designed to

meet the following environmental requirements,

3.3.10.1 Temperature - The equipment should be capable of with-
standing the temperatures specitied below:

(1) Operational Range - The equipment should be designed
to operate, after equipment warm-up, at temperatures
from +32°F to +100°F. :

- (2) Non-Operating Range - !

(a) High-Temperature - the equipment should be
designed to withstand high temperature storage

of +165F. |
(b) Low Temperature - The equipment should be b
designed to withstand low temperature storage y
§ o -10°F,
3.3.10.2 Air Pressure Range - The equipment shall be designed to

operate in a pressure range of 29.92 to 20.58 inches of mercury (sea level to
10,000'). The equipment shall withstand a storage pressure of 3.44 inches of
mercury (50,000' during air transportation).

3.3.10.3 Fungus Resistance - The equipment shall be designed and
constructed without the utilization of any fungus nutrient material,

3.3.10.4 Warm-Up Time - The equipment shall be designed so that
full operating capability is achieved in not more than two minutes 30 seconds.

3.3.10.5 Overload Protection - All parts and circuits of the equip-
ment which are likely to carry an overload shall withstand an overload without
permanent damage to the equipment, or shall have suitable protective devices,
The use of fuses or other protective devices is subject to the approval of
Northrop.
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3.3.10.6 Undervoltage Protection - The equipment shall not be
damaged by voltages below the minimum specified herein and shall automatically
return to normal operation when normal voltages are restored.

3.3.11 Physical Dimensions - Physical dimensions of the Film
Transport Module shall be as follows:

e Film Transport Assembly - 37 inches long x 33 inches
wide x 15 inches high,

Power and Control Electronics - 24 inches long X
24 inches wide x 20 inches high.

3.3.12 Interfaces

3.3.12.1 Mechanical Interface - The Film Transport Module shall
conform to the envelope size and shall be equipped with mounting provisions
compatible with the overall system.

3.3.12.2 Electrical Interface - The Film Transport Module shall
be capable of receiving and executing the following command signals:

High Speed Mode

Direction - OV (FWD) or +5 V DC (Rev)
10 in./sec
50 in./sec +5 V DC (Discrete)
100 in./sec

Incremental Mode

e Direction - OV (FWD) or +5 V DC (REV)

e Run/Standby Command - 0 or 1

e Clock Pulse - 200 to 5000 Pulses per Second
Rewind Mode

e Direction - +5 V DC
e Velocity - +5 V DC (Maximum)

Occluder State and Rotation

Feedback signals shall be provided for the following functions:

® Search Mode

e Frame Count
o Spool Revolution Count
e End-of-Film Indication




® Incremental Mode

® Dircction
® Steps (.001 in./step) from "o" Ref,
¢ Transverse Direction Steps (,001 in./step)

e Broken Film (Loss of Tension)

® Occluder State and Rotation

3.3,12.3 Illumination Module Interface - The illumination module
shall illuminate the film in the film gate,

3.3.12.4 Control Panel Interface - The control panel shall provide
manual mode selection and control of the film transport,

3.3.12.,5 Photographic Film Input - The film transport shall accom-
modate all films with the following characteristics:

(1) Film wWidths - 35mm, 70mm, 5 inch, 6.6 inch and
9-1/2 inch roll film, and cut film up to 4-3/4"
x 7-1/2",

(2) Film Thicknesses - Base thicknesses of 1.5 to 5.2
mils (this does not include emulsion, gel backing,
and other film coatings),

(3) Film Roll Capacity - The nominal film roll cap-
acity shall be a minimum of 500 feet of 5.2 mil
film,

(4) Base Materials - Both acetate and Polyester bases
shall be accommodated,

Film Spools - The film spools that are employed
shall be as follows:

® RRC 721410-1 for film widths from 35 mm to
5.0 in. wide

RRC 721410-3 for film widths from 5.1 in, to
7.0 in, wide

RRC 721410-5 for film widths from 7,1 in, to
9.5 in. wide

oom Projection Module Interface - The interface between
the film transport module and the Zoom projection module shall be via a

roll film gate and a chip film gate,
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(a) Roll Film Gate - The roll film gate shall perform
the final incremental adjustment to the film plane,
thereby insuring sharp, uniform focus over the
entire format, The film gate shall employ air to
push the film away from the gate during high speed
translation. However, during low speed scanning
and vhen the film is stopped for detailed examin-
ation, the flow of air shall be reversed and the
£ilm shall be clamped to the edges of the gate.

The film gate shall be a clear aperture in a hor-
jzontal plane of at least 4.5 in. x 9.C in, No
glass platens or other double-sided constraint
devices shall be used to provide the following film
flatness values over the following areas:

+.,001 in. (0.025 mm) over 0.28 in, (7 mm) dia.
+,010 in, (0.25 mm) over 1.25 in. (32 mm) dia.

+.080 in. (2.00 mm) over 4.50 in, (114 mm) dia.
and up.

(b) Chip Film Gate - It shall be possible to easily and
rapidly load two 4-3/4" x 7-1/2" chips in one chip
film gate., Glass platens may be used to make the
chip film gate. The chip film gate shall provide
the flatness values specified in (a) above.

3.3.13 Power Consumption - The power consumption of the Film
Trangport Module shall not exceed 750 watts,

3.4 Performance
3.4.1 Overall Design Concept - The film transport shall employ

an advanced concept in film handling that minimizes contact and subsequent
film damage. The film path shall be a single straight line from the supply
spool to the take-up spool. The Film Transport Module shall handle and
transport film from spool to spool at designated speeds without requiring
any physical contact with either guiding or film sensing devices. The
only contact the film shall be subjected to is film-on-film (as in winding
on spool) and contact with film spool flanges with one edge only. No
double-sided constraining of film shall be used at any point of the film
between the tangent points of the film spools., (No guide rollers shall be
used,) The film between the spools that forms the image plane shall be kept
at the same location in space regardless of the amount of film that remains
on the spools, by moving the spools independent of the rest of the trans-
port, using commands from a film plane position detector.
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3.4.2 Types of Transports - Two types of transports shall be
provided that are identical in all respects except that ome type will,
and one type will not, have a film chip capability; and the type without
a film chip capability must operate inverted.

3.4.3 Film Loading - The loading of roll film onto the film
transport module shall take no more than 30 seconds, and shall be as
easy as practical.

3.4.4 Roll Film Translation - The film transport shall provide
the following bi-directional speed rangee for roll film translatiun along
the film length:

(1) Rewind - for widths to 7.0 in,:100 in,/sec min,
(2) Rewind - for widths above 7.0: 75 in./sec minimum

(3) PFast Forward/Reverse - Computer Control - 3 ranges
consisting of 10, 50, and 100 in,/secc,

(4) Fast Forward/Reverse - Manual Control - Variable from
1.5 to 100 in,/sec < 7.0 in, wide
1.5 to 75 in./sec > 7.0 in, wide

(5) Incremental - Computer and Manual Control - Variable
from 0.001 to 5,000 in./sec.

3.4.5 Chip Positioning - Positioning of the chip in the 7-1/2"
dimension shall be manually controlled at a variable selectable rate, from
0,001 to 5.000 in/sec. It shall be possible to control the positioning
of a chip anywhere within a 7-1/2" length.

3.4.6 Transverse Positioning Speed ~ Transverse positioning
of the transport shall be provided. The positioning shall also move the
roll film or chip in the direction of its width. This positioning shall
be under either computer or manual control, at a variable selectable rate
from 0.001 to 5,000 in/sec., Positoning shall be possible anywhere across
an entire 9-1/2" wide roll film or a 4-3/4" wide film chip.

3.4.,7 Stopping and Image Positioning - The capability of rapidly
stopping at any predetermined location on roll film shall Yve provided,
No creep shall occur after a stop. The final positioning of '‘the image in
the center of the film gate (which shall coincide with the optical axis)
shall be accomplished in at least 5 seconds after the edge of frame has
been located. Positioning shall be accomplished with a precision of +0.1
inch of actual commanded location.

3.4.8 Frame Detection - The transport shall have a capability
to detect the edge of a frame of imagery when operating in either direction,




3.4.9 Film Tensioning - The film transport shall be equipped
with a positive control that enables the operator to select film temsion
equal to 80 PSI +20 PSI stress for all £film widths, thicknesses, and base
materials.

3.4.10 Chip Loading - Automatic transverse positioning of the
transport, for both chip loading and chip display, shall be provided.

3.4.11 Occluder - An occluder shall be provided to mask one-half
of the roll or chip film gate, for comparison viewing purposes. A design
goal shall be a capability to rotate this occluder in synchronism with the
image rotation prism of the zoom projection module,

4,0 QUALITY ASSURANCE PROVISIONS

4,1 Responsibility for Inspection - Unless otherwise specified
in the contract, the supplier shall conduct a quality assurance program which
is compatible with Northrop Quality Control Specification 500-1. This docu-
ment shall be effective for the duration of the contract. The Supplier is
responsible for the performance of all inspection requirements as specified
herein, The Supplier may use his own facilities or any commercial laboratory
acceptable to Northrop, Northrop and the Govermment reserve the right to per-
form any of the inspections set forth in the specification where such inspec-
tions are deemed necessary to assure that the equipment conforms to the
prescribed requirements.

In addition to the tests required to be performed by the Supplier, as
described herein, the equipment will be subjected to further laboratory and
operational tests by Northrop and the Government, These tests will include
functional, environmental, and EMI tests at the subsystem and system level,
The Supplier shall provide technical and logistic support for these tests as
defined in the statement of work,

4,1.1 Classification of Tests - The equipment covered by this
specification shall be subject to the following tests:

(1) Design Approval Tests
(a) Equipment Bench Tests
(2) Acceptance Tests

(a) Bench Tests
(b) Environmental Burn-In

4,2 Design Approval Tests - Design approval tests shall be con-
ducted by the Supplier on one equipment unit as defined in the statement of
work. Tests shall be accomplished under the approved test procedures estab-
lished in 4.4. Northrop shall be advised at least 10 days prior to conducting
the tests so that a Northrop and/or a Government representative caun witness
or supervise the tests if desired,




4.2.1 Design Approval Test Data - The Supplier shall submit all
data collected in conducting these tests to Northrop for review and approval,
The Supplier shall monitor the total hours of equipment operation during the
tests, and furnish such data to Northrop at the time of equipment delivery,

4,2,2 Scope of Tests

4,2.2,1 Equipment Bench Tests - Bench tests shall be conducted by
the Supplier to demonstrate all the requirements of Section 3 ( except 3,3,6
and 3,3.10). The Supplier shall furnish specific test methods in the test
procedures required by 4.4,

4.3 Acceptance Tests - Each equipment submitted for acceptance
shall be subjected to bench tests and environmental burn-in by the Supplier.
Tests shall be accomplished under the approved test procedures established in
4,4, Northrop shall be advised at least 10 days prior to conduct of the
tests so that a Northrop and/or a Government representative can witness the
tests when desired,

4,3.1 Acceptance Test Data - The Supplier shall submit all data
collected in conducting these tests, including equipment operating times, to
Northrop for review and approval,

4.,3,2 Scope of Tests - Design and development acceptance tests
shall be adequate to determine compliance with the requirements of material,
workmanship, and functional performance and to serve as an indication of
reliability,

4,3.2.1 siwceptance Bench Tests - Bench tests shall be conducted by
the Supplier to demonstrate compliance with form, fit, and function require-
ments as defined in Section 3,

4,3.2,2 Environmental Burn-In - Each equipment to be submitted for
acceptance shall be subjected to an environmental stressed burn-in for the
purpose of establishing a reasonable confidence level with respect to the
environmental integrity of the design and for the purpose of eliminating early
life failure,

Equipment shall be cycled through all operating modes during the burn-in,
allowing approximately equal operating time for each mode.

Should a failure occur, it should be repaired and the cycle started over.
Should any failure (or failures) occur that indicate a design deficiency, or
a repetitive component failure or defect, corrective action shall be taken to
eliminate this deficiency from all units, A record shall be kept of all
failures.

4.4 Test Procedures - The procedures used for conducting the
Equipment Design Approval and Acceptance Tests shall be prepared by the
Supplier and submitted to Northrop for review and approval,
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4,5 Reconditioning of Tested Equipment - Equipment that has
been subjected to Acceptance tests shall be reconditioned by the Supplier by
replacing all worn or damaged items, After reworking, the Supplier shall re-
submit the equipment for Acceptance Bench Tests (4.3.2.1).

4,6 Pre-Testing - No item, part, or complete equipment shall be
Design Approved or Acceptance Tested by the Supplier until it has been pre-
viously operated, checked, and inspected by the Supplier and found to comply,
to the best of his knowledge and belief, with all of the applicable require-
ments,

4,7 Rejection and Retest - Equipment which has been rejected
shall have corrective action taken ard shall be resubmitted for acceptance.
Before resubmitting, a full account of the cause for rejection and the correc-
tive action taken shall be furnished to Northrop.

5.0 PREPARATION FOR DELIVERY

5.1 Packaging and Shipping - The Supi. ier shall package and
ship the equipment in accordance with best comnercial practice, Marking of
all packages and shipping containers shall be in accordance with MIL-STD-130C.

6.0 NOTES

6.1 Performance Objectives - Simplicity ci operation, ease of
maintenance, good reliability, and improved performance of the specific
functions beyond the requirements of this specification are design objectives,
When it appears that a substantial improvement in any of these areas will
result from the use of materials, parts, or processes other than those speci-
fied in this specification, their use shall be investigated, When such in-
vestigation shows that an advantage can be realized, a request for approval
shall be submitted to Northrop for consideration.
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Section 8

SPECIFICATION FOR A
5X TO 100X ZOOM PROJECTION LENS
FOR COMPASS PREVLEW
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